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Abstract 
 
This study uses longitudinal data of undergraduate students from five public land-grant 
universities to better understand undergraduate students’ persistence in and switching of majors, 
with particular attention given to women’s participation in Science, Technology, Engineering, 
and Mathematics (STEM) fields. Specifically, the study examines patterns of behavior of women 
and minorities in relation to initial choice of college major and major field persistence, as well as 
what majors students switched to upon changing majors. Factors that impact major field 
persistence are also examined, as well as how switching majors affects students’ time-to-degree. 
Using a broad definition of STEM, data from nearly 17,000 undergraduate students was analyzed 
with descriptive statistics, cross tabulations, and binary logistic regressions. The results highlight 
women’s high levels of participation and success in the sciences, challenging common notions of 
underrepresentation in the STEM fields. The study calls for researchers to use a comprehensive 
definition of STEM and broad measurements of persistence when investigating students’ 
participation in the STEM fields. 
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Chapter 1 
 
Introduction 
The connection between social stratification and higher education has been an area of 
interest for sociologists and sociologists of education for some time. Past research has 
investigated how higher education can perpetuate or interrupt social stratification, while more 
recent scholarship has examined the impact of college majors on individuals’ opportunity for 
social mobility and occupational status. Differences in major field selection at the college level 
continue to stratify groups along racial and gender lines, leading to differential salaries and 
workforce opportunities. Access to disciplines such as science, technology, engineering, and 
mathematics (STEM) continues to be limited for minorities and females.  
 Research on these topics investigates the reasons for differential access and persistence in 
STEM fields by race and gender, including problems of discrimination, which may contribute to 
societal inequalities (Clewell & Campbell, 2002). The complexity of the underrepresentation of 
women and non-Asian minority women in STEM fields is reflected in the many explanations, 
results, and implications offered by researchers. This discussion begins by examining the 
connection between major field of choice in college, higher education, and social stratification. 
 
 
Social Stratification, Higher Education, and Major Field of Choice 
Access to and attainment of a postsecondary education is perceived as an avenue of social 
mobility in the United States, particularly as occupations are often stratified according to levels 
of educational attainment. While college access, persistence, and degree attainment are 
important, choice of undergraduate major has further implications for social mobility and 
occupational outcomes and contributes to social stratification. Within higher education, the 
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hierarchy of major fields—operating similarly to the hierarchy of institutions based on selectivity 
levels―translates into differential occupational opportunities and career earnings, making 
degrees obtained in some disciplines more lucrative than others. These differential choices, 
which continue to fall along racial and gender lines (Tang, 1997), work to “create differential 
earnings, which perpetuate class differences” (Porter & Umbach, 2006, p. 430).  
 Given the pattern of major field choice by college students along demographic lines and 
the differences in rewards and salary structures associated with college majors, it should be 
expected that women and minorities earn less in their occupations after college. In fact, Song and 
Glick (2004) note that women “have lower starting salary offers based on their college majors” 
as compared to men (p. 1412). Individual, institutional, and societal factors interact in such a 
way that “as critical and powerful institutions, science and engineering both reflect and reinforce 
levels of gender equity or inequity in society” (Sonnert, Fox, & Adkins, 2007, p. 1334). 
 While women and minorities have experienced an increased representation in higher 
education over the last 40 years, their representation remains largely confined to less-lucrative, 
low-status fields such as education and the humanities. Meanwhile, the science, engineering, 
technology, and mathematical (STEM)1
                                               
1 For the sake of brevity, the term “STEM” will include what other research reviewed here refers to as STEM 
(science, technology, engineering, and mathematics), SEM (science, engineering, and mathematics), SMET 
(science, mathematics, engineering, and technology), and S&E (science and engineering).   
 fields remain dominated by traditionally well-
represented students, particularly white males, despite programmatic and policy interventions 
designed to increase the presence and success of women and minorities in these high-status, 
highly lucrative fields. St. John, Hu, Simmons, Carter, and Weber (2004) describe the 
hierarchical, parallel structure of majors and occupations, “with higher earning majors presumed 
to have higher status” (p. 213), which replicates racial and gender stratification in U.S. society. 
Due to occupational hierarchy existing within specific fields, entry into a STEM field may even 
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result in women and minorities being “marginalized in less prestigious positions and work 
settings” (Sonnert et al., 2007, p. 1336).  
 Investigating women and minority’s underrepresentation in the STEM fields across the 
educational and occupational pipeline has been the subject of a large number of research projects 
and scholarly investigations, with the number of published inquiries having increased in recent 
years. These studies have attempted to identify factors that affect individuals’ participation in 
these fields, as well as inform programs and policies designed to improve the diversity of the 
STEM fields. Given the complexity of the topic (Towers, 2008), the continued problem of 
underrepresentation, and the variety of theoretical and methodological approaches that can be 
used to investigate these issues, the topic does not lack in potential areas of investigation. 
Addressing the representation of women in postdoctoral positions within the field of particle 
physics alone, Towers’ (2008) observation may be universal to both gender and minority 
underrepresentation across many scientific fields:   
Disentangling the reasons for the continuing gender inequities in scientific academic 
career advancement is a complex process, especially when one tries to determine the 
factors that appear to have the most influence on career paths, and whether or not those 
factors are gender dependent and/or within the control of the scientist. (p. 1)  
 
 Expanding racial and gender diversity in the fields of math, science, computer science 
and engineering has been and remains a key concern for American colleges and universities as 
well as for U.S. society. Research on the topic of underrepresentation in the STEM fields 
provides an opportunity to better understand gender and racial differences, but also as a way to 
eradicate such issues and work towards “equity in education, professional employment, and 
rewards, not only within science and engineering, but also in society broadly” (Sonnert et al., 
2007, p. 1334).  
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Overall inequity trends. Diversification of higher education has occurred due to major 
societal, programmatic, and policy changes and efforts over the last 40 years, including the Civil 
Rights Movement, the passing of Title IX, and the formation of federal interventions such as the 
TRIO programs; yet increased heterogeneity has occurred primarily at the aggregated level of 
higher education. While there is increased gender and racial diversity in the nation’s colleges and 
universities, this diversification has not been fully realized in the nation’s top colleges and 
universities or in specific disciplines such as math and the physical sciences. A recent report 
released by the National Center for Educational Statistics notes that “gender and racial/ethnic 
gaps in science and engineering (S&E) postsecondary education have been gradually narrowing 
over the past three decades, but are far from completely eliminated” (Huang, Taddese, Walter, & 
Peng, 2000, p. 3). Statistics and studies have demonstrated that minorities and women remain 
underrepresented in the sciences, even though these populations have higher rates of 
participation in other areas of higher education and in the workforce (Rosenbloom, Ash, Dupont, 
& Coder, 2008).  
 Increased access to higher education and to the STEM fields for historically 
underrepresented students does not necessarily lead to degree completion or entry into STEM-
related occupations. In other words, convincing underrepresented students2
                                               
2 “Underrepresented students” in this paper is restricted to women and racial/ethnic minorities in the STEM fields. 
Underrepresented racial and ethnic minorities are restricted to African Americans, Hispanic Americans, and Native 
Americans, as Asian Pacific Islanders are well-represented in the STEM fields.  
 to enroll in the 
STEM fields is only part of the battle. For example, Brainard and Carlin (1998) note that 
“despite increased enrollment of female engineering students since the 1970s, retention rates for 
women have decreased significantly” (p. 1). The process by which underrepresented students 
leave STEM fields has been described as a “leaky pipeline” (Blickenstaff, 2005, p. 369) and as 
an “exceedingly leaky vessel” (Etkowitz, Kemelgor, Neuschatz, Uzzi, & Alonzo, 1994, p. 53), 
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with women and minorities leaving the sciences prior to college, at the point of entering college, 
during undergraduate and graduate studies, and during their careers. The departure of women 
and racial/ethnic minorities from the sciences—regardless of reason—results in these groups 
being underrepresented in “one of the most elite and influential sectors of the U.S. labor force” 
(Hanson, 2004, p. 96).  
Historical trends in STEM degree attainment. Before reviewing the factors that affect 
students’ choice of a STEM major, general trends of increased representation of women and 
minorities in these areas in recent decades should be mentioned. Beginning in the 1950s, an 
increasing number of women in college majored in the sciences. This was due in part to the 
“migration of women out of the humanities and into fields like economics and the life sciences” 
(Turner & Bowen, 1999, p. 294), the expansion of women into previously all-male professions 
(Turner & Bowen, 1999), and the decreasing number of men who choose to major in engineering 
(Frehill, 1997). The increase of women in these fields contributed to a reduction in the gender 
gap in the sciences, yet this trend "came to a halt in the mid-1980s” (Turner & Bowen, 1999, p. 
291). Although the overall representation of women has therefore increased, and in some racial 
and ethnic groups women now match or outnumber their male counterparts (Clewell & 
Campbell, 2002), a significant and persistent gender gap in the STEM disciplines remains, 
warranting the need for additional research. Additionally, non-Asian minority students remain 
underrepresented in relation to their percentage of the general population, despite the fact that the 
number of these students declaring STEM majors has increased in the last 15 years (Tan, 2002).  
In examining the statistics of degrees awarded between 1984 and 2000, the number of 
undergraduate STEM degrees awarded to women “[has] risen steadily and in a remarkably linear 
fashion” (Sonnert et al., 2007, p. 1352). Clewell and Campbell (2002) note that while progress 
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appears to have been made in reducing the gap in degree completion between men and women, 
these changes may simultaneously “reflect the lower rate of increase among men who were 
awarded S&E degrees from 1990 to 1998” (p. 262), as well as an increase in the number of 
STEM degrees awarded to women. However, the gains women have made may be confined to 
the undergraduate level. In 1996, women received only 18 percent of engineering degrees even 
though they received 55 percent of all bachelor’s degrees, and they comprised only nine percent 
of the engineering workforce (Huang et al., 2000). African Americans received six percent, 
Hispanics received five percent, and Native Americans received 0.5 percent of science and 
engineering bachelor’s degrees in 1996, and all were underrepresented in the science and 
engineering workforce (Huang et al., 2000).3
The overall number of bachelor’s degrees awarded in the STEM fields has increased for 
both men and women since the late 1960s (National Science Foundation, 2008a). In examining 
the 25-year period between 1966 and 2006, a greater number of men obtained bachelor’s degrees 
in the Physical Science, Computer Science, Math, and Engineering (PSCSME) fields as 
compared to women. In 2006, approximately 110,000 men obtained a bachelor’s degree in these 
fields as compared to 38,000 women (National Science Foundation, 2008a). In examining this 
25-year trend, the number of degrees in these fields increased at approximately the same rate for 
men and women (see Appendix A, Figure A1).  
  
By examining other science-based fields, such as the Agricultural and Biological 
Sciences, the number of bachelor’s degrees awarded to women has increased at a much greater 
rate than for men (see Appendix A, Figure A2). As of 2006, women earned 60 percent of 
bachelor’s degrees in the Agricultural and Biological Sciences, as compared to 25 percent in 
1966. In addition, since the mid-1990s, women have earned more bachelor’s degrees in the 
                                               
3 Excludes the social sciences and psychology.  
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Health Sciences and Psychology than men, with women earning 81 percent of these degrees in 
2006 (see Appendix A, Figure A3).  
Using a broad definition of STEM, Figure A4, provided in Appendix A, provides a visual 
representation of the narrowing gap in bachelor’s degrees earned in STEM fields between 1966 
and 2006. The difference between the number of STEM degrees earned by men and women at 
the undergraduate level is decreasing largely due to the number of degrees awarded in the Health 
Sciences and Psychology. If attention is only given to the high-status, high-profile fields shown 
in Figure A1, then the historical data reflects a steady gap in the number of bachelor’s degrees 
awarded to men and women in the STEM fields from 1966 to 2006. By using a broad definition 
of STEM and including more science-based disciplines, Figure A4 provides an alternative 
perspective of women’s participation in the STEM fields. Plotting degree attainment trends 
across multiple science-based fields shows the STEM participation gap between men and women 
disappearing by the early 1990s, and women’s STEM participation exceeding men’s 
participation throughout the 1990s and 2000s.  
Despite gains in the number of bachelor’s degrees earned by women across all STEM 
fields since 1966, there continues to be much focus on the lack of women participating in and 
completing degrees in the high-profile, high-earning STEM fields such as engineering and 
computer science. In fact, women earned 57 percent of all bachelor’s degrees awarded across 
multiple science majors4
Although the number of bachelor’s degrees awarded to women across all STEM fields 
increased between 1966 and 2006, and the gap between PSCSME degrees obtained by men and 
 in 2006, compared to only 26 percent in the PSCSME fields (see 
Appendix A, Figure A5). 
                                               
4 Here, Physical Science, Computer Science, Math, Engineering, Agricultural Science, Biological Science, Health 
Science, and Psychology. 
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women has narrowed, scholarship on STEM participation remains focused on the high-profile, 
high-status STEM fields. 
 Common explanations of underrepresentation and inequity in STEM fields. 
Researchers have offered various explanations for the continued underrepresentation—and by 
extension educational and social inequities—in the STEM fields. Issues contributing to the 
overall underrepresentation of both women and minorities have been identified throughout the 
“leaky pipeline” (Blickenstaff, 2005, p. 369) beginning in elementary school, continuing through 
higher education, and into the STEM workforce. Leaks from the pipeline are differential 
according to race and gender (Blickenstaff, 2005), with fewer women and minorities persisting 
through to the end of the pipeline (symbolically depositing them into the STEM workforce). 
Seymour (2001) notes that the STEM pipeline becomes narrower for women and non-Asian 
minority students, while white and Asian males persist at higher rates in the same fields. 
 Individuals who deviate from the STEM pipeline, either by individual choice or by other 
factors, encounter difficulty in re-entering the pipeline at a later point in time or never return 
(Elliott, Strenta, Adair, Matier, & Scott, 1996). This is due to the prerequisites that are required 
to advance in the sciences and to continue on in the STEM pipeline from year to year, resulting 
in a linear and sequential process. While students may leave the STEM pipeline at any point, it is 
extremely difficult to enter or re-enter the pipeline the further along a student is in their 
education. Declaring a STEM major early in college is critical to minimizing additional time, 
funds, and opportunity costs spent in pursuing the degree “because the prerequisites for 
engineering coursework increase the ‘cost’ to switch into engineering for students who lack these 
courses” (Frehill, 1997, p. 228).  
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 Clewell and Campbell (2002) provide a conceptual framework of the common reasons 
cited for women’s underrepresentation in math and science fields. The reasons offered by the 
authors are based on theories which researchers have used to help explain women’s 
underrepresentation in the STEM fields, including social-psychological theories and cognitive 
theories (Clewell & Campbell, 2002, p. 256). The same set of theories can also aid in explaining 
the underrepresentation of minorities in STEM, although other theories, such as Claude Steele’s 
(1997) conceptualization of stereotype threat, have also been utilized (Russell & Atwater, 2005).  
 Discrimination on the basis of sex and/or race encountered in the STEM pipeline, in the 
workforce, and in society in general has been cited as a reason for women and minority 
underrepresentation in the sciences (Rosenbloom et al., 2008; Tai & Sadler, 2001; Tower, 2008). 
Legislation, including Title IX and Equal Employment Opportunity, has been designed to 
alleviate discrimination in educational and occupational settings, but is only successful to the 
extent that discrimination can be proven and that the laws are enforced.  
 Some research continues to emphasize differences based on biological abilities—which 
can perpetuate racism, sexism, and negative stereotypes—despite evidence that has proven 
“whatever biological differences there are between men and women, there is very little 
difference in scientific or mathematic ability” (Blickenstaff, 2005, p. 373). Although some 
explanations of underrepresentation due to innate (i.e., biological) differences between groups 
have been deemed invalid (Roger & Duffield, 2000), such stereotypes continue to emerge. The 
controversial remarks made by former Harvard University president Larry Summers at the 2005 
National Bureau of Economic Research Conference reflect the resiliency of stereotypes. In his 
remarks, Summers (2005) indicated that one reason given for women’s underrepresentation in 
the sciences is the difference in math and science ability between men and women, even though 
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rigorous evidence has provided counter-evidence to this hypothesis and challenged this line of 
reasoning. Such arguments are perilous not only for their contribution to sexist and racist 
perspectives and ideas, but also “because the tendency is to then argue that if unalterable 
biological differences exist, then no action need be taken to improve the situation” (Blickenstaff, 
2005, p. 373) for underrepresented populations. If such an explanation is no longer plausible, 
further exploration of what factors do explain the differential leakage from the STEM pipeline by 
race and gender must be pursued. A review of literature on women’s departure from the STEM 
fields highlights a number of plausible explanations which recognize individual, institutional, 
and societal factors, including differential academic preparation as compared to men, girls’ 
negative experiences with science, the lack of female role models in scientific fields, pedagogy 
which benefits males, and differences in how boys and girls are socialized (Blickenstaff, 2005). 
These explanations will be explored in more detail in Chapter 2.  
 Investigating origins of inequities in STEM. Sociological investigations and 
explanations of educational inequity posit that issues of equity have multiple causes, rather than 
originate from a single cause. Therefore, when investigating such issues, it is necessary to have a 
multi-level perspective that examines multiple factors (Persell, 1977) rather than focusing on a 
single level or factor, as the causes of educational inequity are likely to be located in different 
levels of analysis. Persell (1977) encouraged theories of educational inequality that incorporate 
four levels of analysis—societal, institutional, interpersonal, and intrapsychic—to create a 
comprehensive theory. Prior research, including research on possible biological differences 
between the genders and races, has focused on individual-level factors, attributing the causes for 
departure from the STEM pipeline to individuals themselves and without any reference to how 
contextual or situational forces might affect an individual’s actions or decisions. For example, 
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Blickenstaff (2005) refers to a book by Eileen Byrne (1993) which compares individual-focused 
explanations of underrepresentation in the STEM fields (specifically for women) to the success 
of growing a plant: “if a plant doesn’t succeed in a garden we ask what it is about the soil, water, 
sun, or fertilizer that is causing the problem, we don’t blame the plant first” (Blickenstaff, 2005, 
p. 376). Recommendations for ameliorating the problem of underrepresentation should focus on 
“improving science and science education, rather than attempting to ‘remediate’ girls and 
women” (Blickenstaff, 2005, p. 384).  
 Nonetheless, analysis of individual-level factors has not yet been exhausted by 
researchers. By focusing on individual-level factors, there are still opportunities for deeper 
investigation of individual behaviors. Such investigations will help inform recommendations for 
contextual changes, programs, and policy interventions, thus providing a holistic approach to the 
issue of underrepresentation in the STEM fields. There is currently a lack of deep understanding 
and information about individuals' patterns of behavior with regard to their college majors, hence 
the need for the line of research present in this study. Such an approach is reflective of 
Structuration Theory,5
                                               
5 For a full explanation of Structuration Theory, see Giddens (1984).  
 a framework employed by James Valadez in researching Mexican 
immigrant students' decisions to attend college. This theory allows for an individual-level 
analysis “while taking into consideration how the students’ social and cultural contexts influence 
their choices” (Valadez, 2008, p. 834). The decisions or choices individuals—in this study, 
college students—make are not attributable solely to individual factors or to contextual factors, 
as “structure and [individual] agency are not separate and opposing entities” (Valadez, 2008, p. 
838). Thus, while this study does not specifically merge multiple sources of explanatory factors, 
it seeks to contribute to the larger body of work on women’s underrepresentation in the STEM 
fields by investigating patterns of behavior in relation to STEM field participation.  
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 The ways in which individuals are socialized toward particular roles in society, role 
models, the climate of university departments and workplaces, the culture of STEM, and even 
time-context considerations are now accepted as areas worthy of investigation in explaining 
women and minority’s departure from the STEM fields at various points in the pipeline. 
Considerations of time and context incorporate macro-level changes in society and provide a 
historical perspective by making comparisons of the representation of women and minorities in 
the STEM fields over time, suggesting that changes will occur slowly (Clewell & Campbell, 
2002). One such observation is that differences in career earnings within the STEM fields by 
gender may continue to persist for some time, given how long individuals from well-represented 
groups have had access to STEM degrees and the STEM workforce as compared to 
underrepresented groups (Clewell & Campbell, 2002). What continues to be evident in the dearth 
of research on reasons for women and minority’s underrepresentation in the STEM fields is that 
the factors and explanations identified thus far “remain unclear and in some cases quite 
controversial” (Rosenbloom et al., 2008, p. 544).  
 
Calls for Increased Representation 
Reasons of equity. A history of exclusion for women and minorities in high-status 
occupations, higher education, and specific fields in college raises concerns of financial and 
social equity for these groups (Blickenstaff, 2005; Brainard & Carlin, 1998; Etkowitz et al., 
1994; Grandy, 1998; Gurin, Dey, Hurtado, & Gurin, 2002; Seymour, 2001; Staniec, 2004). 
Salary, career earnings, and opportunity differentials by college major and by race and gender 
continue to be an issue of equity in the United States given differences in occupational and social 
status outcomes for these groups (Turner & Bowen, 1999).  
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Although higher education as a whole has become more diverse, resulting in some equity 
gains (Gurin et al., 2002), a number of disciplines within higher education continue to 
marginalize historically underrepresented populations. Regarding financial equity, Staniec 
(2004) predicts that “attracting more members of these [underrepresented] groups into the 
relatively high-paying science and engineering fields could potentially narrow the sex and race 
wage gaps” (p. 549). However, this prediction should be interpreted with caution given that the 
mere insertion of members from underrepresented groups into the science and engineering 
workforce may not be enough, as cultural and organizational change must also occur in the 
pursuit of equity (Etkowitz et al., 1994).  
Social mobility. Access to higher education has traditionally been viewed as a means to 
social mobility, with college degree attainment providing increased occupational earnings and 
access to positions that individuals without a higher education may be precluded from. The 
hierarchical nature of college majors creates differential opportunities for social mobility, with 
college graduates in the STEM fields having increased opportunities for social mobility via 
higher occupational earnings and status positions associated with these professions as compared 
to other majors such as the humanities (Russell & Atwater, 2005). Inaccessibility to the STEM 
fields may prevent individuals from underrepresented groups from experiencing comparable 
social mobility had they received a college degree in a STEM field. The extent to which this is 
true is even more so for members of populations that have been “disenfranchised, oppressed, and 
marginalized as a larger part of this nation’s lower class,” such as racial and ethnic minorities 
(Russell & Atwater, 2005, p. 691). Carter (2006) notes that differential participation rates in 
STEM fields “between underrepresented minority students and other groups is particularly 
detrimental because it affects individuals’ long-term social mobility” (p. 33).  
 
 
14 
 
While higher earnings and occupational status are associated with social mobility, 
increased access to power and influence can also aid the next generation in their educational and 
occupational attainment (St. John et al., 2004). By investigating the “processes by which 
occupational sex segregation occurs is important in understanding the ways males’ position of 
relative economic privilege is maintained” (Frehill, 1997, p. 225) and by extension the way 
whites maintain a position of power and privilege in society over racial and ethnic minorities. 
College degree attainment in the STEM fields may be an important way to alleviate the 
underrepresentation of women and minorities and to interrupt the “tendency towards reinforcing 
existing power relations in society” (Roger & Duffield, 2000, p. 377).  
Contributions to science, workforce development, and national competitiveness. In 
addition to issues of equity and social mobility, expanding participation to a greater number of 
women and minorities has implications for contributions to and developments in scientific fields, 
improving workforce development, and increasing national competitiveness (Blickenstaff, 2005; 
Etkowitz et al., 1994; Hanson, 2004; Leslie, McClure, & Oaxaca, 1998; May & Chubin, 2003; 
McArdle, 2004; Oakes, 1990; Staniec, 2004). Issues of underrepresentation in the STEM fields 
for women and minorities “has long been a cause for concern, indicative of lost personal and 
group opportunity, inhibition of national productivity, and the advancement of science, 
generally” (Smyth & McArdle, 2004, p. 354). If women and minorities continue to enter higher 
education and the workforce in fields other than the STEM fields, their talent and skills will 
continue to be applied to those disciplines (Blickenstaff, 2005). An additional societal benefits of 
increased minority participation in the STEM fields includes the establishment of role models in 
these fields for younger minorities (Grandy, 1998).  
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 Hanson (2004) warns that as long as “gender and skin color are major factors determining 
who will do science, a considerable amount of science talent will be lost” (p. 108).  
Underrepresentation of these groups may lead to “underutilization” (Leslie et al., 1998, p. 329) 
of available talent in the nation and “perhaps imply that we are not fully realizing our potential 
productivity in these areas” (Staniec, 2004, p. 549). Greater inclusion of women and minorities 
in these fields both within higher education and in the workforce will allow for “a greater 
diversity of perspectives in the search for knowledge and solutions to human problems” 
(Blickenstaff, 2005, p. 370). In this sense, increasing women and minorities in science 
disciplines is not just about their physical presence, but also what they can contribute to these 
fields. Leslie et al. (1998) further indicate that continued underrepresentation may even lower the 
quality and productivity of the United States’ scientific workforce.   
 
Purpose of the Study 
The purpose of this study is to investigate undergraduate students’ persistence in and 
switching of undergraduate majors, with particular attention given to women’s participation in 
the STEM fields.6
Expanding gender and racial diversity in the fields of math, science, computer science 
and engineering has been and remains a key concern for American colleges and universities as 
well as for society. Research on the topic of underrepresentation in the STEM fields provides an 
 The study examines the patterns of behavior of women and minorities in 
relation to initial choice of college major and major field persistence, as well as what majors 
students switched to upon changing majors. Factors that impact major field persistence were also 
examined, as well as how switching majors affected students’ time-to-degree.  
                                               
6 Research on the participation and experiences of underrepresented individuals in graduate programs and the 
workforce, while important, are not specifically addressed in this paper. 
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opportunity to better understand gender and racial differences, but also a way to eradicate such 
issues and work towards “equity in education, professional employment, and rewards, not only 
within science and engineering, but also in society broadly” (Sonnert et al., 2007, p. 1334). The 
research presented here responds to calls for increased representation of women and minorities 
for reasons of equity and social mobility, as well as the implications for scientific workforce 
development and national competitiveness (Blickenstaff, 2005; Hanson, 2004; Leslie et al., 
1998; Oakes, 1990). Increased representation in STEM majors at the undergraduate and graduate 
levels of higher education and in the workforce will provide these groups with increased 
financial and social equity; otherwise women and minorities “will continue to be denied 
economic and social power” (Brainard & Carlin, 1998, p. 1). 
 
 
Significance of the Study 
This study contributes to the fields of education, sociology of education, and science 
education by investigating undergraduate students’ persistence in and switching of majors, with a 
particular focus on women in the STEM fields. Understandings of students’ patterns of behavior 
in relation to their college major as well as persistence in and movements between majors have 
been enhanced through this study, particularly in understanding these outcomes by gender, race, 
and ethnicity. The lessons learned from this study can be used by higher education administrators 
and policymakers in designing programs and policies that work towards diversifying the STEM 
fields. 
This study has significant implications for how research is conducted on students’ 
participation in the STEM fields. A detailed taxonomy of college majors was used, featuring an 
expanded definition of STEM, which allowed for nuanced comparisons to be made between 
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different types of science majors. Utilizing a broad definition of persistence emphasized the need 
to include degree completion in measurements of persistence in order to fully investigate who 
succeeds in and is able to continue on in the STEM pipeline. The use of a comprehensive, 
longitudinal dataset allowed for close examination of the educational pathways taken by 
undergraduate students in the STEM fields at public land-grant universities. Taken together, this 
study challenges common notions of underrepresentation by offering alternative perspectives of 
women’s participation in the STEM fields. 
The following chapter synthesizes literature on the key issues and questions related to the 
topic of women and minority underrepresentation in the STEM fields. The chapter begins with a 
discussion of pre-college factors that impact women and minorities participation in the STEM 
fields. Next, factors that impact students’ declaration of a STEM major in college, as well as 
persistence in the STEM fields, are discussed in detail. The chapter concludes with a discussion 
of the limitations found within this area of research.  
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Chapter 2 
 
Literature Review 
 
Although this study is primarily interested in issues of persistence in STEM fields at the 
higher education level, STEM participation during and through college is highly dependent on 
pre-college factors due to the progressive nature of the STEM education pipeline. This chapter 
provides a synthesis and critique of the literature on the factors that impact the representation of 
women and non-Asian minorities in the STEM fields prior to entering college, the initial choice 
of a STEM major in college, and persistence in the STEM fields during college. 
 
Pre-College Factors 
Research on the issue of improving minority and female participation in the STEM fields 
includes identifying pre-college, college, and post-college factors that both preclude and permit 
students to enter STEM fields in college. A narrow and inadequate discussion of the 
interconnectivity of these three areas would begin the analysis at the point of entry to college. 
However, underrepresentation and inequity in the STEM fields begins prior to college, as 
“problems which emerge at the point of entry to higher education have been long in gestation” 
(Roger & Duffield, 2000, p. 368).  
 Researchers have investigated a number of important background factors that may impact 
a student’s entry and persistence in the STEM fields prior to enrolling in college. Identifying and 
understanding factors that affect participation in science and math prior to college is necessary 
given the relationship between K–12 education and higher education in the STEM pipeline, 
specifically prerequisite courses from high school that impact entry into STEM majors in 
college. Underrepresentation found in the STEM fields at the college-level and in the workforce 
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“begins as early as elementary school where students’ curiosity about the natural world should be 
encouraged and their intellect challenged” (Tai & Sadler, 2001, p. 1018).  
 A plethora of pre-college factors and variables have been investigated empirically, 
through both rigorous quantitative techniques and qualitative methods. Background or 
demographic factors include race and ethnicity, gender, socioeconomic status, parent’s level of 
education, and parent’s occupation. Often, background and demographic variables interact with 
other pre-college factors. For example, research has found that high schools that serve low-
income families typically have fewer resources available to offer advanced math and science 
courses, making an individual’s socioeconomic background important in gaining access to 
adequate preparation via high school curriculum offerings (Oakes, 1990). Differences have been 
found to exist by both race and ethnicity in the number of Advanced Placement (AP) math and 
science courses taken during high school, with white and Asian American students taking more 
AP courses than African Americans, Latinos/as, and American Indians. These differences can be 
partially attributed to disparities in funding and access to resources (May & Chubin, 2003). This 
information, combined with the finding that non-Asian minority students who persist in math and 
science majors in college take longer to complete their degrees, demonstrates the long-term 
impact of high-school course offerings on college major choice and career choice (Trusty, 2002). 
 The factors highlighted in this section are not meant to be exhaustive. Rather, this 
discussion attempts to provide a brief overview of a number of the factors researchers have 
identified as being important and may impact the likelihood that a student will declare a major in 
the STEM fields, as well as persistence in the STEM fields (through college and/or into the 
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workforce). These factors can be categorized as relating to socialization, experiences in K–12 
schooling, and perceptions of self.7
Socialization. How individuals are socialized regarding their specific role in society can 
impact their decision to remain in or leave the STEM pipeline. Clewell and Campbell (2002) 
observe that “girls and boys receive different messages from peers, parents, teachers, and society 
in general about appropriate roles in society and definitions of success” (p. 271). Genderized 
socialization results in girls and women receiving messages latent with the responsibilities of 
motherhood and raising a family, both in terms of their expected societal role and in terms of 
what defines a successful life, although this may decrease as more girls are raised by dual-
income, working parents.
  
8
 The intersection of race and gender is of utmost importance to consider within the 
socialization process, as well as other factors associated with underrepresentation given the 
unique experiences of minority women. Research too often aggregates the experiences of 
minority women into either those of all women or those of all racial minorities, overlooking their 
dual-minority status as a woman and as a racial minority. However, dual disparities often cause 
individuals to concurrently experience discrimination on multiple and inseparable levels, and is 
known as “double minority” or “double jeopardy” status (Evans, 1998; Sellers, Kuperminc, & 
  
                                               
7 Roger and Duffield (2000) list a similar set of factors that contribute to girls’ underrepresentation in the sciences in 
Scotland, including “early socialisation [sic], primary teachers as change agents, option choice processes, guidance 
and career advice, teachers and teaching, and work experience” (p. 369). These similarities suggest that trends of 
underrepresentation in the STEM fields and the factors that affect individuals’ participation, at least by gender, is not 
specific to the United States but may be found in a number of other countries. While similar trends may be found in 
other countries by gender, the same may not hold true for differences by race and ethnicity given the unique history 
of race relations in the United States. 
8 However, despite trends in women’s workforce participation which reflects a decrease in the likelihood of leaving 
the workforce for extended time periods for family reasons, the gender gap in the STEM fields has remained the 
same (Turner & Bowen, 1999). 
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Damas Jr., 1997; Smith, 1996).9
 Other factors that have been found to be important to persisting in the STEM pipeline 
may be associated with the socialization process. For instance, Leslie et al. (1998) found that 
 Hanson (2004) seeks to fill this gap in the research by exploring 
the experiences of African American women in the STEM fields, including the important 
differences in socialization experienced by African American women compared to other—
particularly, white—women. The motivations for Hanson’s study, which are detailed in the next 
section, were in part due to the unique roles that African American women have in society and 
their socialization to these roles. While white women are socialized to believe that they must face 
a “female goal conflict” (Leslie et al., 1998, p. 261) and choose between the alternatives of 
career and family—often portrayed as being mutually exclusive— “African American women 
continue to have high rates of labor force participation and do not perceive work and family roles 
as conflicting” (Hanson, 2004, p. 98). Given the history of African American women in the 
United States and their roles throughout history, “[i]nstead of work being in opposition to 
motherhood, it is seen as an important dimension of motherhood” (Hanson, 2004, p. 98). White 
women, on the other hand, are negatively affected by “the perceived incompatibility between 
science careers and family pursuits that keeps many women from entering and pursuing science 
degrees and occupations” (Hanson, 2004, p. 98). Being socialized to believe that having a career 
and a family are possible, combined with messages of the importance of education in providing 
social mobility (Hanson, 2004), African American women appear to be less deterred from the 
STEM fields in terms of the process of socialization.  
                                               
9 In the case of intercollegiate athletic participation, when an African-American woman or group of women sues an 
educational institution or a governing body over a violation of equal opportunity, they are forced to sue based on 
either race or on gender, but rarely on both (Evans, 1998). This is illustrated in Title IX, which prohibits 
discrimination on the basis of gender, being separate from Title VII, which prohibits discrimination on the basis of 
race, among other factors.  
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self-esteem changes dramatically between the preadolescent and adolescent years. The cause for 
girls’ self-esteem to lower in these critical years is of interest, which may in part explain 
women’s underrepresentation found later in the STEM pipeline. The issue of self-esteem is 
discussed in further detail below.  
Experiences in K–12 schooling. The literature on STEM participation and persistence in 
these fields includes a number of investigations into the experiences of students in elementary 
and secondary schooling. The literature highlighted here focuses primarily on secondary 
schooling experiences, as the course-selection and completion that occurs in high school has 
greater variability in terms of preparing students for entry into STEM majors. In other words, the 
math and science courses offered and taken by students in elementary school are more 
standardized, with fewer opportunities for students to opt out of these fields at an early age. This 
is not to say that math and science experiences in elementary school are not important to 
consider, but the influence of these courses in preparing students for entry into STEM majors in 
college is less than that of courses offered in high school. On gender differences in math and 
science participation in elementary school:  
The narrowing of the performance and course-taking gaps between girls and boys in 
mathematics and science up to the high school level suggests that although intervention 
efforts heretofore may have been successful in getting girls to the point at which they 
have the requisite academic skills to embark on an S&E career, these efforts have not 
been sufficient to get girls to want to be scientists or engineers. (Clewell & Campbell, 
2002, p. 277) 
 
 Course-taking patterns. The availability of, actual enrollment in, and student’s 
performance in math and science courses are each critical to remaining in and progressing 
through the STEM pipeline. High schools may offer a variety of courses that students can take to 
fulfill graduation requirements, but differential decisions by race, ethnicity, and gender can lead 
to differential outcomes in preparing students for majoring in the STEM fields in college. By not 
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taking specific courses, such as physics and calculus, the probability of entering a STEM major 
is reduced for girls and minorities. Building upon the sequence of steps required to enter the 
STEM workforce will make entry into these occupational fields even less likely if students do 
not take such critical courses (Blickenstaff, 2005). However, other researchers observe that 
“through Advanced Placement (AP) courses, there are few sex differences in the mathematics 
courses girls and boys take in high school” (Clewell & Campbell, 2002, p. 259). If minimal 
differences in course-taking and in academic performance exist in terms of grades and 
standardized tests administered in high school, then increased declarations of STEM majors by 
women may be expected (Clewell & Campbell, 2002). 
 This expectation oversimplifies the complexity of the reasons why qualified women enter 
other fields. Choosing to take advanced science and mathematics courses and doing well in them 
does not guarantee persistence in these fields as students enter college: “in spite of their strong 
preparation, girls still end up leaving science” (Blickenstaff, 2005, p. 374). The ability to 
perform well in math and science courses does not explain differences in persistence in these 
fields, as “girls tend to earn somewhat higher grades in science and mathematics” (Leslie & 
Oaxaca, 1998, p. 314). This observation indicates that explanations related to differences in 
biological ability are inadequate in explaining differences in math and science preparation 
between genders and between racial groups. Given the empirical evidence on academic 
performance, researchers have called for research to investigate other causes of departure and 
underrepresentation (Leslie & Oaxaca, 1998).  
 Important racial and ethnic differences exist in terms of math and science course-taking 
patterns in high school. Oakes (1990) attributes a portion of the narrowing of the STEM pipeline 
for non-Asian minority students to tracking mechanisms used in K–12 that steer these students to 
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non-science courses and to lower-levels of curricula, systematically denying these groups access 
to the STEM fields. Tracking programs, as well as the concentration of minority students in 
schools with fewer resources and advanced course offerings, contribute to the results that “few 
African American, Hispanic, and American Indian students—male or female—graduate from 
high school with the skills and knowledge necessary to continue on in SMET” (Clewell & 
Campbell, 2002, p. 264). This is attributable in part to the underrepresentation of African 
Americans in advanced math and science courses in high school (Russell & Atwater, 2005). 
Hanson (2004) also notes important differences within gender by race, as “in 8th grade, young 
African American women are much more likely to be in advanced, enriched, or accelerated 
science courses than is the case for young white women” (Hanson, 2004, p. 103). Such 
differences continue into college, as will be discussed in the next section.   
 Issues of pedagogy. Within course-taking experiences, the ways in which material is 
taught to students can affect their attitudes toward science and math (Blickenstaff, 2005), as well 
as their performance (Tai & Sadler, 2001). Girls’—and presumably minorities’—reactions, 
perceptions, and attitudes toward science-related fields can become negative when teachers and 
materials used in classes emphasize the contributions of white males (Blickenstaff, 2005), as 
often happens. Students’ internalization of direct and indirect messages may contribute to 
negative perceptions about math and science subjects, to questions of the appropriateness of their 
participation in these fields (R. Felder, G. Felder, Mauney, Hamrin, & Dietz, 1995), as well as to 
the feasibility of their remaining in the STEM fields into college and participating in the 
workforce. The findings of a study on how material taught in college-level physics courses 
impacts women’s academic performance has implications for how high school math and science 
courses are taught. Tai and Sadler (2001) found that women enrolled in physics courses that 
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emphasized a “narrow but deep” understanding of the material performed better academically as 
compared to those enrolled in a course that offered a “broad and shallow” understanding. While 
this finding could be adopted by high school physics courses with an expectation that girls may 
perform better in such courses, convincing girls to enroll in physics may still be an issue 
(Blickenstaff, 2005).  
Perceptions of self: self-esteem and self-confidence. Individual characteristics can 
impact participation in science and math, including self-esteem and self-confidence. 
Explanations related to girls’ perceptions of themselves—specifically observations of declining 
general self-esteem and self-confidence in their math and science ability (Leslie & Oaxaca, 
1998)—may help explain the departure of academically qualified and capable girls from the 
sciences prior to college. Leslie et al. (1998) observe that regarding  
essentially all characteristics hypothesized to affect science and engineering-related 
educational and career choices, girls do not differ from boys in the early years of life, 
years before the development of the distinctively different sub-ordinate self concepts; 
however numerous, important self-concept/self-efficacy differences [between the 
genders] related to science and math are evident thereafter. (p. 253) 
 
Both articles (Leslie et al., 1998; Leslie & Oaxaca, 1998) refer to a study conducted by 
the Association of American University Women (AAUW) (1991) regarding factors that affect 
girls’ participation in science and math. Shortchanging Girls, Shortchanging America (AAUW, 
1991) reports that girls’ self-esteem declines between pre-adolescence and adolescence. Self-
esteem declined from elementary school to middle school, and from middle school to high 
school. Specifically, white girls’ self-esteem declined 33 percentage points between elementary 
school and high school, as compared to 7 percentage points for African American girls, and 38 
percentage points for Hispanic girls (AAUW, 1991, p. 9). While white and Hispanic girls’ self-
esteem decreases dramatically during this time, African American girls’ self-esteem lowers only 
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slightly. Hanson’s (2004) recommendation on the importance of disaggregating racial and ethnic 
groups within gender is echoed here.  
Intervention programs. Programs offered to elementary and secondary school students 
aim to increase the interests of young women and minorities in the sciences. For instance, the 
Urban Ecology Institute’s urban ecology field-based studies program (UEFSP) works to 
“improve students’ understanding of the environment and their ability to care for it” (Barnett, 
Lord, Stauss, Rosca, Langford, Chavez, & Deni, 2006, p. 4). Evaluation of UEFSP, offered in 
Boston Public High Schools, found that participation in the program increased students’ desire to 
be scientists, including females and minorities, as compared to students who did not participate 
in the program. In addition, the program “appears to improve understanding of the scientific 
process and their interest in science for girls” (Barnett et al., 2006, p. 8). Programs that work to 
increase levels of interest in the sciences at the K–12 level of schooling may help to increase the 
probability that women will declare STEM majors in college.  
 Next, factors specifically related to entering and persisting in the STEM fields at the 
undergraduate level are described, with specific attention given to factors that affect the 
representation of women and minorities. General trends, parental and other background factors, 
expected economic returns, interest in and attitudes towards science, and academic preparation 
are highlighted as factors affecting initial choice of a STEM major in college.  
 
College Factors 
This section provides an overview of the factors that affect STEM choice of major and 
persistence in college for undergraduate students. Much attention has been given to this segment 
of the STEM education pipeline as acquiring a college degree in STEM is necessary to enter 
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graduate programs or the workforce in STEM fields. Identifying and comparing factors that 
affect well-represented and underrepresented students’ choice of college major, persistence, and 
degree completion informs intervention programs and policies designed to increase 
representation and participation for women and non-Asian minorities (Sonnert et al., 2007). 
While many factors have been studied—some of which are highlighted in this section—most can 
be categorized as either issues pertaining to the individual or to colleges and universities 
(Sonnert et al., 2007). Research on institutional factors, such as departmental climate, is a 
relatively new area of investigation as, “until the early 1990’s, the focus of research on the issue 
of successfully recruiting and retaining women in technical fields focused on the students 
themselves” (Brainard & Carlin, 1998, p. 1).  
Choosing a STEM major. Several factors impact students’ choice of major in college, 
including individual attributes, parental and other background effects, interests, personality, 
attitudes, academic preparation, and workforce orientations. The review of the literature 
presented here primarily focuses on factors that impact choosing a STEM major, although some 
discussion is devoted to the choosing of majors in other disciplines.  
Parental and other background effects. The sociology of education emphasizes the 
importance of parents’ level of education on the educational and occupational attainment of their 
children, beginning with the status attainment model presented by Blau and Duncan (1967). This 
model investigated the impact of fathers’ educational and occupational attainment on sons’ 
educational and occupational attainment. Today, parental factors that impact an individual’s 
choice of major extends beyond parents’ level of education. Parents who are employed in 
STEM-related fields have a positive impact on their children—both male and female—choosing 
a STEM major (Leslie et al., 1998), with the greatest impact being on Hispanic males and 
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African American males (Leslie & Oaxaca, 1998). Students at historically Black colleges and 
universities (HBCUs) who have persisted in the STEM fields indicated that their parent’s 
education and careers in scientific fields positively influenced them to pursue a STEM major 
(Fleming, Engerman, & Griffin, 2005). 
 Staniec (2004) found that females who were raised in single-parent homes were less 
likely to choose a STEM major than those raised in two-parent households. Students who 
originated from higher socioeconomic backgrounds were more likely to major in the STEM 
fields, with the largest effects found for Hispanic men. Trusty (2002) notes that African 
American and Hispanic male students from higher socioeconomic backgrounds pursue science 
and math majors in college at a higher rate than those from lower socioeconomic backgrounds, 
but females did not display the same differential rate of participation between race and 
socioeconomic status. Overall, African American women are about twice as likely as white 
women to declare a STEM major (Hanson, 2004).  
Statistical analysis allows for individual background factors to be controlled, so that the 
effects of other independent variables on a particular outcome can be examined. Controlling for 
race, ethnicity, and gender has been used to challenge notions of underrepresentation. Although 
white males and Asians are well-represented in the STEM fields, African Americans are as or 
more likely than other racial or ethnic groups to major in science- and math-related fields 
(Bowen, Chingos, & McPherson, 2009; Staniec, 2004; Trusty, 2002). In fact, “after controlling 
for other factors that affect major choice, neither all females nor all minorities are, in fact, 
underrepresented” (Staniec, 2004, p. 556). In a study of three cohorts of college students at a 
small liberal arts college, “controlling for these differences [demographics, family influences, 
academic preparation, academic self-efficacy, and political views], we can see that males and 
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females are just as likely to choose a non-science major over a science major” (Porter & 
Umbach, 2006, p. 441). This finding offers a reminder that factors affecting the choice of Non-
STEM majors are just as important to investigate as factors that affect the choice of STEM 
majors. Important differences also exist within the gender categories of who pursues STEM 
majors. Asian women are more likely than other women to major in the STEM fields, as “once 
Asian women make it to college, they appear to be less affected by the gender-based segregation 
of college majors” (Song & Glick, 2004, p. 1413). Among men, Asians are most likely to pursue 
math and science majors compared to other racial and ethnic groups (Trusty, 2002).  
Expected economic returns and future workforce orientation. The connection between 
college major and occupation does not seem lost on college students in what factors they 
consider when choosing their major. Choosing a STEM major is a prerequisite to completing a 
STEM degree and entering a job in these fields. In this sense, courses taken in the STEM major 
can be seen as “vocationally oriented, much like teaching, nursing, and business” (Frehill, 1997, 
p. 226). As the STEM fields are currently in high-demand and offer potentially high salaries 
even to new college graduates, students may be motivated to pursue and persist in STEM major 
fields due to expected future earnings.   
Potential career earnings were found to be important to students when choosing a major 
(Staniec, 2004), with Asian women—specifically Chinese, Filipino, and Southeast Asian 
women—being more likely to choose a major associated with high career earnings, such as those 
in the STEM fields, as compared to white women (Song & Glick, 2004). Some women may seek 
majors that will allow them more workforce flexibility and the ability to enter or leave the 
workforce for extended periods of time more easily in order to protect against loss of skills 
should they choose to begin a family (Song & Glick, 2004). Given that men and women may 
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view their future participation in the workforce over the course of their lives differently, students 
may have “different optional investments in human capital as captured by the choice of major” 
(Turner & Bowen, 1999, p. 296).  
However, women and minorities pursue majors in college for different reasons than men, 
with less emphasis placed on personal economic returns in the form of future career earnings. 
Women place more emphasis on the nurturing and care for others (Turner & Bowen, 1999), 
while minorities place emphasis on giving back to their community and serving others (Bowen, 
Kurzweil, & Tobin, 2005). Although there are many explanations for students to not declare a 
STEM major or to not persist in the STEM fields—many of which are explored in this paper—
one reason may be the disconnection that minority and female students see between entering into 
the STEM fields and serving others, as well as the disconnection between altruistic motivations 
and potential careers in the STEM fields. Newer programs, such as Environmental Studies, may 
provide women and minorities with opportunities to engage in science while also fulfilling their 
altruistic motivations for nurturing and serving others, thus bridging the gap between what they 
perceive the STEM fields to offer and the types of rewards they seek in their future professions. 
Interests in and attitudes towards science. An individual’s interests, attitudes towards 
science, personality, and political views have been shown to be factors in choosing to major in a 
STEM field. Examining differences in interests by race and ethnicity reveals that Asians have 
high levels of interest in the sciences, followed by African Americans and Hispanics, while 
whites have the lowest levels of interest in science (Elliott et al., 1996). This finding highlights 
an important distinction between groups by race and by gender: “minorities are at least as 
interested in pursuing science as whites and the attitude toward science, at least for African 
Americans, is very positive—more positive, other things being equal, than that of whites” (Elliott 
 
 
31 
 
et al., 1996, p. 682). There are also important differences within racial groups to consider. For 
instance, white women demonstrate a lower initial interest in the sciences upon matriculation to 
college as compared to white men, but “white women who are committed, as attested by their 
graduate or professional school goals, will achieve in science and engineering at relatively high 
rates” (Leslie et al., 1998, p. 268).  
Personality is an important factor when choosing a major, as are political views, with 
majors largely being comprised of students who share similar personality traits and political 
orientations (Porter & Umbach, 2006). This finding suggests conformity of students and the 
desire to fit in with others who share the same or a similar set of beliefs and attitudes. 
Interestingly, STEM majors are more likely to have conservative political views, as compared to 
Non-STEM majors (Porter & Umbach, 2006).10
Institutional type and selectivity. The type of institution a student attends may also have 
implications for declaring a STEM major. Using the College & Beyond data from the 1989 
freshman cohort at 23 institutions and hierarchical linear modeling to account for students being 
located within specific institutions, results show that institutional level of selectivity may matter 
(Smyth & McArdle, 2004). The study also found that within the genders, African American and 
white men are equally likely to major in the STEM fields, while African American women and 
Hispanic women are more likely than white women to major in STEM (Smyth & McArdle, 
2004). Smyth and McArdle (2004) interpret these findings that “the likelihood of planning a 
 Personality differences between the genders also 
highlights that female students, possibly influenced by their socialization, “may be encouraged to 
pursue fields and studies emphasizing nurturing while men are encouraged in domains 
emphasizing quantitative reasoning” (Turner & Bowen, 1999, p. 295).  
                                               
10 It should be no surprise that personality also affects occupational choices, particularly for those who enter careers 
in the sciences, as completing a college degree in the same discipline is often a requirement (Rosenbloom et al., in 
press). 
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SME major at the point of entry to these colleges suggests that underrepresented minority 
students may not have been less interested than Whites” (p. 376).  
Academic preparation and performance. Academic preparation for entrance to a STEM 
major can be measured by courses taken in high school, performance in those courses, and 
performance on standardized college entrance exams. A high level of academic preparation on 
each of these measures is often typical of students in STEM majors as compared to other majors 
(Levine & Wycokoff, 1991). This may be attributed to admissions requirements of STEM 
majors, and that the level of academic preparation may be correlated with choosing a major 
based on related future career earnings (Song & Glick, 2004). Overall,  
taking more science courses in high school, having higher self-ratings relative to 
mathematics and scientific abilities, and having higher indices of family background not 
only enhances the likelihood of the selection of a quantitative field of study, but also 
enhances the likelihood of selecting engineering or the physical sciences as a major. 
(Ethington, 2001, p. 359) 
 
This posits that different measures of academic preparation work collectively to increase the 
probability of declaring a STEM major. A student's choice of STEM major has been found to be 
positively impacted by the number of courses the student completed in high school in similar 
disciplines, with the number of math and science courses taken prior to college having a positive 
impact on whites and African Americans (Maple & Stage, 1991).  
 Compared to other races, Asians have higher levels of academic preparation in the STEM 
fields, which helps explain their high levels of representation (Elliott et al., 1996). Differences in 
academic preparation by racial group may be diminished by differences in interest levels in 
science, particularly by non-Asian minorities, yet inadequate preparation can negatively impact 
persistence in these fields, particularly for Hispanics and African Americans (Elliott et al., 1996).  
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Oaxaca decomposition is a statistical technique that allows for group comparisons to be 
made by assigning one group’s attributes to another group to determine its effect on a specific 
outcome (Frehill, 1997). This allows researchers to answer questions such as how many more 
women would major in STEM fields if their self-esteem scores in math and science courses were 
the same as men’s scores. Assigning the number of math and science classes taken in high school 
by men to women, Frehill (1997) found that “women’s selection of engineering would not be 
greatly influenced” (p. 240), indicating that major selection is much more than a function of pre-
college academic preparedness.  
 However, actual academic preparation and performance has an effect on perceived ability 
to perform well in math and science, as well as self-esteem and self-confidence in these subjects 
(Leslie & Oaxaca, 1998; Ethington, 2001). Specifically, male students who have high levels of 
self-esteem are more likely to choose majors with high potential career earnings (e.g., STEM 
majors) (Song & Glick, 2004), and “white men are most likely to perceive their math and natural 
science preparation to be better than most” (Leslie & Oaxaca, 1998, p. 317).  
On the other hand, women’s academic performance has been shown to decrease as a 
result of stereotype threat, or “the threat that others’ judgments or their own actions will 
negatively stereotype them” (Steele, 1997, p. 613). While the notion of stereotype threat refers to 
a person’s self-identity and academic self-concept, it can be manifested in academic performance 
even if the individual has previously performed well. For instance, in testing for the effects of 
stereotype threat, Steele (1997) found that college women underperformed on a difficult math 
exam as compared to men, while performing as well as men on a less difficult math exam and on 
a difficult literature exam. Steele attributes the women’s underperformance to their being 
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threatened by the negative stereotypes of women’s inability to do math.11
Several studies have found that higher preparation for women in math and science results 
in a greater probability of declaring a STEM major, specifically “taking the most academically 
intensive math courses—trigonometry, pre-calculus, calculus” (Trusty, 2002, p. 471), and 
scoring high on the SAT (Turner & Bowen, 1999). Increasing the level of academic preparation 
of women has been suggested as a way to increase their participation in these fields in college. 
However, results from two studies suggest that other interventions may still be necessary. Frehill 
(1997) cautions that “increasing the number of math and science courses that girls take in high 
school would increase the proportion of women who choose engineering by a modest amount” 
(p. 242), while Turner and Bowen (1999) found that gender “differences in SAT scores account 
for less than half of the total gender gap” (p. 305) in the STEM fields. Women who choose 
STEM majors are likely making choices based on a combination of factors, with academic 
preparation being only one of many. Men may choose STEM fields at a greater rate than women 
as a result of “the joint product of variations in SAT scores (higher math scores for the men) and 
the relatively stronger preferences among men for these fields, though the relative magnitudes of 
these effects are not at all equal” (Turner & Bowen, 1999, p. 304).  
 However, the success 
of recent intervention programs aimed at improving minorities’ self-concept and self-identity 
have begun to challenge Steele’s theory (Cohen, Garcia, Apfel, & Master, 2006). 
The subject of the next section discusses factors that affect persistence in the STEM 
fields, specifically students’ background characteristics, academic preparation and performance, 
financial aid, interests in and attitudes towards the sciences, perceived barriers to persistence, 
institutional and departmental effects, interventions, the connection between college major and 
persistence.  
                                               
11 See also Spencer and Steele (1999); Pronin, Steele,and Ross (2004); and Murphy, Steele, and Gross (2007).   
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Persistence in the STEM fields. Prior research on undergraduate students has 
determined that a number of factors explain persistence in STEM fields for minority and female 
students. May and Chubin (2003) categorize these factors as “pre-college preparation, 
recruitment programs, admissions policies, financial assistance, academic intervention programs, 
and graduate school preparation and admission” (p. 27). A number of these factors, including 
support systems at the college-level, have been found to be important for the overall retention 
and persistence of minority students, regardless of their major (Carter, 2006). Continuing 
research on persistence of underrepresented students is necessary, particularly in the STEM 
fields, because through the process of “uncovering differences in persistence patterns across 
diverse groups, we can illuminate factors that inhibit equal opportunity as well as policy factors 
that might be able to improve opportunity” (Carter, 2006, p. 34). Persistence also remains 
perhaps one of the most important topics to be studied within the issue of underrepresentation in 
the STEM fields: “You can’t play if you don’t stay, and leaving science or premed for education 
or history usually means leaving science or premed forever” (Elliott et al., 1996, p. 700). 
Background characteristics and factors. By examining a cohort of students at 23 
selective colleges and universities, researchers found that “Asians … were 2.6 times more likely 
than underrepresented minorities and 1.4 times more likely than Whites to persist in SME” 
(Smyth & McArdle, 2004, p. 371). However, research using data from 175 institutions found that 
“race and gender had no bearing on persistence” (Tan, 2002, p. 9). Having family members and 
teachers that support African American student’s interest in and pursuit of science in high school 
gave students the confidence and support to persist in biology at a predominately white 
university (Russell & Atwater, 2005). Gender differences exist in the motivations to persist in the 
STEM fields, as “the kinds of contributions and discoveries that scientists and engineers make” 
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(Grandy, 1998, p. 602) tend to be more important for men than women. This last point also 
relates to how students’ attitudes towards science are shaped, as well as the types of 
contributions they want to make or see themselves making in their future careers.  
Academic preparation and performance. As has been found in research on factors that 
lead to declaring a STEM major in college, academic preparation and performance in college are 
equally important to consider in regards to persisting in the STEM fields. Academic preparation, 
as measured by standardized test scores and performance in high school math and science 
courses, are predictors of performance in college-level math and science courses, and for 
persistence in the STEM fields (Elliott et al., 1996). In studying persistence in the STEM fields 
at four Ivy League universities, Elliott et al., (1996) determined that academic preparation and 
performance as “preadmissions variables accounted for a significant fraction of the variance of 
persistence decisions and ethnicity did not” (Elliott et al., 1996, p. 695). This finding provides 
evidence that factors other than one’s race or gender are the reasons for differential persistence in 
the STEM fields, helping to dispell myths of inability based on gender and racial stereotypes. In 
addition, standardized test scores are significant predictors of all students persisting to their 
second year of college in STEM majors (Tan, 2002)12
Academic performance can be affected by the way a course is taught, which was 
previously discussed in the section on pre-college factors. Comparing two types of introductory 
college physics courses offered at 16 institutions, Tai and Sadler (2001) found that adopting a 
pedagogy which focused on “deep and narrow approaches to the subject matter appeared to be 
profoundly more beneficial than concentrating on broad and shallow approaches” (p. 1035; 
original emphases) to women’s performance in the class. The “deep and narrow” teaching style 
.  
                                               
12 High standardized test scores can also result in students attending highly selective institutions, which are also 
shown to positively impact persistence in the STEM fields, regardless of students’ race and/or gender (Tan, 2002).  
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was associated with introductory physics courses designed for non-physics majors, while the 
“broad and shallow” teaching style was offered for students intending to major in physics, which 
may contribute to the explanation of the improvement in women’s performance in the non-
physics courses in which they outperformed their male counterparts (Tai & Sadler, 2001).  
Lee’s (2006) analysis of minority student’s experience in the STEM fields at a state 
university found that an introductory chemistry course served as a gate-keeping course to 
continue in the STEM pipeline, disproportionately filtering out minority students in comparison 
to non-minority students. Minority students’ academic performance and experiences in the 
chemistry course contributed to decisions to leave the STEM fields. In comparing similarly 
qualified students, Lee’s findings suggest that race matters in departures from the STEM 
pipeline, particularly with regards to academic performance in gate-keeping courses.   
Another study conducted at North Carolina State University on chemical engineering 
majors compared course-taking patterns, academic performance, and persistence in majors of 
men and women from a single cohort of students (87 men and 34 women) (Felder et al., 1995). 
Upon failing a course in their major, men were more likely to remain in chemical engineering 
and retake the course, while women were more likely to transfer to a new major. At the same 
time, women who performed well in their program and were on-schedule to finish their degree 
were still more likely than men to transfer to another major, indicating poor academic 
performance was not the only reason women did not persist in the program. For students who 
failed a course, men and women cited different reasons for failing, which sheds further light on 
why women may have switched majors. Specifically, “women were more likely than the men to 
attribute poor performance to their own lack of ability and the men were more likely to attribute 
it to a lack of hard work or being treated unfairly” (Felder et al., 1995, p. 162). For those who 
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persisted in the major, women reported high expectations of their academic ability at the start of 
their degree. However, their expectations were lower than those of their male counterparts and 
decreased as they continued their studies. Women also reported having more anxiety about their 
academic performance than the men reported. The benefits of participating in group work were 
even perceived differently between the genders, as “the men were much more likely to select 
explaining class material to others while the women were more than twice as likely to cite having 
the material explained to them” (Felder et al., 1995, p. 157), indicating differences in their 
perceived role as members of working groups within classes. Based on the study’s findings, the 
authors offer several reasons for the continued underrepresentation of women in chemical 
engineering at North Carolina State University, some of which can be generalized to other 
STEM fields at other universities, including women’s questioning of the appropriateness of 
becoming an engineer, gender discrimination by faculty, and gendered group dynamics (Felder et 
al., 1995).   
Financial aid. Few studies have examined the impact of financial aid on students’ 
persistence in the STEM fields (St. John et al., 2004). The amount, quality, and mix of financial 
aid could impact the amount of time students can devote to their studies, an important factor in 
majors with courses that feature lab components. Overall, African American freshman who 
receive financial aid are more likely to persist in college than those who did not receive any 
financial aid (St. John et al., 2004). African American students enrolled in high-demand majors, 
such as health, business, and engineering/computer science, are more likely to persist due to the 
perceived economic benefit of obtaining a job in that field following graduation (St. John et al., 
2004), signaling “a nexus between students’ financial reasons for attending college and their 
subsequent persistence behavior” (Cater, 2006, p. 41).  
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 Interests in and attitudes towards science. Similar to their impact on student’s choice of 
major, interests in and attitudes towards science are important factors in explaining or predicting 
college student’s persistence in the STEM fields (Leppel, 2001; Levine & Wycokoff, 1991). An 
early study on the effects of changing interests on major field persistence found that students 
who transferred from engineering to other majors as undergraduates “were more rejecting of 
science, mathematics, and technical areas and more positive towards occupations and activities 
that required a more outgoing, verbally aggressive person who enjoyed managing, directing, or 
working with people” (Taylor & Hanson, 1972, p. 134).13,14
 Hanson (2004) provides a compelling study and commentary on African American 
women’s continued interest in science. By providing empirical evidence of differential interests 
by racial groups within the female gender, Hanson (2004) posits that “simple assumptions about 
the mismatch between women and science are often based on the experiences of white women” 
(p. 106) and that “we cannot assume that members of these groups [women, minorities, and 
minority women] will be equally disinterested in science” (p. 100). African American women’s 
interests in and positive attitudes towards science were found early on in the STEM pipeline, 
beginning in 8th grade. 
 As with any of the factors found to 
be significant in explaining or predicting persistence in the STEM fields, interest in and attitudes 
towards science do not work in isolation but in conjunction with other variables to contribute to a 
student’s persistence in STEM (Levine & Wycokoff, 1991).  
                                               
13 While this finding demonstrates that differences in interests can impact persistence, it could be strengthened by 
replicating the study, as it was based on a single cohort of male students who entered college in 1966 at the 
University of Minnesota.  
14 A recent study (Rosenbloom et al., in press) from the field of economic psychology on men’s and women’s career 
choices in the information technology sector suggests that the finding of individuals aligning interests with their 
career options, similarly to the alignment of interests to major field choices, is a new and controversial finding. 
Comparing the similarities of these studies (Taylor & Hanson, 1972; Rosenbloom et al., in press) may bring 
awareness to the problem of discipline-based compartmentalization of research.  
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Perceived barriers to persistence. A study by Brainard and Carlin (1998) examines 
barriers to persisting in the STEM fields as perceived by women participating in the University 
of Washington’s Women in Engineering (WIE) Initiative. Perceived barriers reported throughout 
the women’s course of study included a lack of self-confidence, discouragement from receiving 
low grades, poor teaching and advising, disinterest, financial problems, and feeling intimidated 
and isolated (Brainard & Carlin, 1998). Interestingly, while a lack of self-confidence was 
frequently cited by students at all stages in college, the percentage of students at each stage 
reporting low self-confidence increased despite persisting in their STEM major (23.5 percent for 
freshman, 26.6 percent for sophomores, 23.9 percent for juniors, 45 percent for fourth year 
seniors, and 69 percent for fifth year seniors) (Brainard & Carlin, 1998). In fact, students who 
did not report any barriers to their persistence early on in their program reported barriers when 
they were seniors, despite persisting in the STEM fields (Brainard & Carlin, 1998). The study 
also notes the importance of support systems in helping students negotiate, manage, and 
overcome the perceived barriers to their success.  
Institutional and departmental effects. As previously stated, early research on the topic 
of underrepresentation of women and minorities has focused on individuals themselves (Brainard 
& Carlin, 1998), yet more recent research focuses on departmental and institutional factors, 
highlighting the importance of context.  
Highly-selective institutions have been the subject of a number of studies on the STEM 
fields, including Ivy League institutions (Elliott et al., 1996) and high-profile public and private 
institutions (Turner & Bowen, 1999). Two studies of non-Asian minorities attending highly-
selective institutions found that these students may be deterred from entering into and/or 
completing a degree in the STEM fields. This argument is based on the interpretation that 
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minority students may have otherwise pursued a degree in STEM at a less-selective or minority-
serving institution (Elliott et al., 1996). Smyth and McArdle (2004) echo this sentiment by 
stating that “offering a relatively educationally disadvantaged applicant the chance to benefit and 
graduate from a more selective institution may put at increased risk his or her goal of a career in 
science” (Smyth & McArdle, 2004, p. 376).  
The suggestion that non-Asian minorities should not be admitted to highly-selective 
institutions could have dangerous implications depending on how these findings are utilized, 
particularly in anti-affirmative action arguments.15
For female undergraduate students, the “percentage of majors and degrees received in 
biological, physical, and engineering fields do not markedly differ between Research I and other 
types of institutions” (Sonnert et al., 2007, p. 1352), leading to the question of the impact of 
these high-profile and large institutions on the production of female STEM graduates, 
particularly as these institutions “are the primary producers of the nation’s scientific brain trust” 
(Fields, 1998, p. 16).  
 By attending a highly-selective institution, 
Elliot et al. (1996) speculate that “non-Asian minority students initially aspiring to science will 
continue for some time to bear a cost in lower grades and in altered academic and vocational 
goals” (p. 702). However, these “costs” may be offset by other benefits associated with attending 
such institutions, such as “quality of education, variety of points of view, richness of social 
experience, prestige of degree, or enhancement of career prospects” (Elliott et al., 1996, p. 702). 
Non-Asian minority students should not have to compromise their aspirations to major in a 
STEM field in order to attend a highly-selective institution, nor should interests in pursuing a 
STEM major or career deter them from attending a highly-selective institution.  
                                               
15 The authors’ intentions for the use of these findings are unknown. 
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Departmental factors considered by researchers include faculty members from 
underrepresented groups (Etkowitz et al., 1994) and the gender distribution within a specific 
field (Serex & Townsend, 1999). Increasing the number of female faculty members in science 
departments may not impact female students' success in the department, unless there are changes 
in the organizational culture of the department (Etkowitz et al., 1994).16
The gender distribution of students within a specific department or field has also been of 
interest to researchers. Serex and Townsend (1999) have researched females studying in the 
male-dominated fields of accounting and engineering and males studying in the female-
dominated fields of education and nursing in order to investigate the experiences of the minority-
gender in both settings. Students in the minority-gender did not report feeling discriminated 
against based on their gender. Although the data used in this study was from a single semester at 
one institution, the findings are encouraging in that evidence of a “chilly climate” was not 
experienced by students involved in the study. However, it is important to note that issues of 
climate can also relate to the experiences of students who feel unwelcomed by specific fields, 
departments, faculty, and other students.  
 Without change that 
includes “minority group members achieving and retaining positions of real power and authority 
that were previously beyond their grasp” (Etkowitz et al., 1994, p. 51), female students and 
faculty continue to be marginalized by members from well-represented groups. Among 
undergraduate students, the presence of female faculty members in STEM departments has a 
small but statistically significant positive effect on female undergraduate students completing 
degrees in those fields, but with some variability depending on the specific field within the 
STEM designation (Sonnert et al., 2007). 
                                               
16 This study focuses on the impact increasing female faculty members has on the persistence of female graduate 
students in the same department, but is included here because the observation that changes to the departmental 
culture are also necessary is presumably applicable to departments that serve undergraduate students as well.   
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Interventions that impact persistence. The call for increased representation for women 
and minorities in STEM fields has resulted in a plethora of intervention programs and policies. In 
addition, May and Chubin (2003) contend that the previous underrepresentation of minorities in 
the STEM fields is a reparable problem through program and policy improvements. These 
interventions seek to attract college students to STEM majors and to find effective methods by 
which to improve retention and graduation of students of color and women with STEM degrees. 
While overall persistence can be impacted by institutional factors such as campus climate and 
students’ level of social and academic integration on campus (Carter, 2006), specific 
interventions have been tailored for use in the STEM fields. Some STEM intervention programs 
are similar to programs that have improved overall persistence in college including “learning 
communities, first-year interest groups, tutoring, mentoring, and student orientation” (Carter, 
2006, p. 37). Other interventions, such as summer bridge programs, can improve academic 
preparation for students who may not have received adequate preparation in high school (Elliott 
et al., 1996).  
Determining the overall impact of intervention programs is also important, and 
researchers and evaluators “must examine not just what works but what works for whom” 
(Clewell & Campbell, 2002, p. 278). For instance, minority students originating from a low 
socioeconomic background are more likely to persist in the STEM fields if provided “minority 
role models, advice and support from advanced students of their ethnic group, and a dedicated 
minority relations staff” (Grandy, 1998, p. 605), as compared to participating in other 
intervention programs. This finding mirrors successful intervention programs aimed at women’s 
retention in the STEM fields, which include similar support systems comprised of female 
mentors and formal support organizations, such as Women in Science and Engineering (WISE), 
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which help women succeed and persist in the sciences (Brainard & Carlin, 1998; Felder et al., 
1995).  
College major and persistence. Surprisingly, few empirical studies have been conducted 
that specifically examine the differential role of college majors on minority persistence. In 
surveying African American and white college students regarding their major field of choice, 
Thomas (1991) found that high occupational expectations had a positive impact on African 
American males choosing to major in the natural or technical sciences, while having high 
educational expectations had a negative impact. Majoring in the natural or technical sciences was 
positively influenced by high occupational expectations and grades in high school math courses 
for African American women in the study. The result of the survey also revealed that factors 
impacting choice of major for African American students varied by the racial composition of 
their college. For example, ascriptive factors had a greater impact on choosing a natural or 
technical science major at predominantly African American public universities than at African 
American private universities or predominantly white universities (Thomas, 1991).  
St. John et al. (2004) attempted to further research the connection between college major 
and persistence for minority students, using data from the Indiana Commission for Higher 
Education's Student Information System (ICHE-SIS) on white and African American freshman 
and sophomores enrolled in Indiana colleges and universities in 1996–1997. Their study 
determined that the choice of major field affected the persistence of students differently by race 
and ethnicity, with white freshman majoring in the social sciences less likely to persist and 
African American sophomores majoring in health, business, and engineering/computer science 
more likely to persist. The potential return-on-investment to college major choice was found to 
impact decisions to persist in college, signifying that “the influence of majors that have higher 
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potential economic returns (and more explicit linkages to employment) was greater for African 
Americans than for White students” (St. John et al., 2004, p. 226). While choosing to major in a 
STEM field has long-term implications for those who wish to enter graduate programs or have 
careers in these areas, choosing these fields also seems to be “an important decision for African 
Americans because of its immediate impact on persistence” (St. John et al., 2004, p. 227).  
A second study using ICHE-SIS data  (St. John, Carter, Chung, & Musoba, 2006) also 
found differences between racial groups in terms of how students’ college major affected 
persistence. Declaring a major had a positive effect on white students persisting, while no majors 
had a positive impact on African American’s persistence. In fact several majors, including 
computer science, even had negative impacts on African American's persistence. These two 
studies confirm the importance of investigating the relationship between differential rates of 
persistence for groups based on college majors, an area that should continue to be studied. 
A separate study found that enrolling in a major associated with a specific profession, 
such as education, increased the likelihood of women’s persistence, compared to business majors 
increasing and education majors decreasing men’s persistence in college (Leppel, 2001). 
Examining the persistence of approximately 2,500 high-ability minority students, Grandy (1998) 
found that “commitment to S/E [science/engineering] during the sophomore year of college was 
the best determinant of persistence three years later” (p. 606), while a lack of commitment 
explained women switching to other majors. Convincing women to commit to the major may be 
a key to persistence and even to completing a STEM degree within five years (Clewell & 
Campbell, 2002). 
Undergraduate degree attainment in STEM. A number of researchers have separated 
bachelor’s degree completion in the STEM fields from persistence in STEM, although some 
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factors are important to both outcomes. Distinguishing between these two outcomes may, in part, 
be necessary due to differences in definitions of persistence, which depending on the researcher’s 
question may not include undergraduate degree completion.  
The American Council on Education’s 2006 Increasing the Success of Minority Students 
in Science and Technology found that the likelihood of completing a degree in the STEM fields 
was increased by being academically prepared via their high school courses, having at least one 
college educated parent, and working less than 15 hours a week while in college. The report, 
based on longitudinal data for 12,000 undergraduate students, additionally highlights other 
information pertaining to minority student persistence in the STEM fields. African American and 
Latino/a students were found to display similar levels of interest as white students majoring in 
the STEM fields, but the time to degree completion is longer for those who persist, which the 
authors partly attributed to a difference in the rate of credit hour completion (Anderson & Kim, 
2006).  
Results on the effect of gender and race on degree completion have been mixed. Using 
data from 175 institutions, Tan (2002) found that gender was insignificant, while race was 
significant in terms of graduating with a STEM degree. Interestingly, the same study reported 
that gender and race were both insignificant to persistence in a STEM major. Although race is 
insignificant to persisting in the STEM major, it does have a statistically significant impact on 
graduation. Tan (2002) considers race and gender as distinct factors, overlooking possible 
interactions between the two variables. The importance of a possible interaction is underscored 
by the observation that “underrepresented women are less likely to complete S&E bachelor’s 
degrees than White and Asian American women” (Clewell & Campbell, 2002, p. 262). Another 
factor that has proven to be significant in STEM degree completion is standardized test scores, 
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with lower math scores reducing the likelihood of graduating with a STEM degree for all groups 
(Smyth & McArdle, 2004).  
 
Land-Grant Colleges and Universities 
Highly-selective institutions have been the subject of previous studies of the STEM 
fields, including Ivy League institutions (Elliott et al., 1996) and high-profile public and private 
institutions (Turner & Bowen, 1999), while land-grant institutions have been overlooked in past 
research on STEM participation. Land-grant institutions are a unique set of institutions due to the 
history of their formation and their mission. The Morrill Act of 1862 established the United 
States' land-grant institutions—colleges and universities located in each state charged with the 
purpose of educating the nation’s citizens, particularly in the areas of mechanics, industry, and 
agriculture. The founding and expansion of colleges and universities as a result of the Morrill 
Act increased overall access to higher education. Today, these institutions continue to play a 
unique role in American higher education and have carried on the tradition of educating the 
nation’s higher education students in the sciences. 
Although now commonly thought to have been designed to establish land-grant colleges 
and universities, provide education for practical purposes, and expand access to higher 
education, the Morrill Act of 1862 was in effect “an important piece of federal economic policy” 
(Key, 1996, p. 198). Initial versions of the first Morrill Act continued the tradition of land 
ordinances of the previous century, primarily concerned with generating revenue for the federal 
government (Key, 1996). The Morrill Act was also economically driven in the sense that through 
the establishment of the land-grant colleges and universities, skilled and qualified workers would 
be trained to enter the workforce and strengthen the nation’s economy (Key, 1996). Specifically, 
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“colleges would promote agricultural education, which would lead to increased agricultural 
production, thus increasing national prosperity out of which the needed revenues would flow” 
(Key, 1996, p. 214). 
 Land-grant colleges and universities were expected to provide agricultural, mechanical, 
and military instruction, but the federal government left each institution to determine how best to 
carry out these missions, resulting in an extensive debate over appropriate curriculum design 
(Rudolph, 1990; Thelin, 2004). Through the development of the curriculum, agricultural studies 
became more scientifically oriented—“in the laboratories, experimental farms, and model 
dairies, specialization in scientific agriculture was creating courses in animal husbandry, 
veterinary medicine, agronomy, horticulture, plant pathology, agricultural botany, agricultural 
chemistry, and farm management” (Rudolph, 1990, p. 262). The land-grants were able to shift 
the collegiate curriculum from traditionally taught, classical studies to practical and scientific 
matters, which in turn helped expand accessibility to higher education (Randolph, 1990).  
Although not their original purpose, land-grant colleges and universities would later be 
known for expanding access to higher education (Johnson, 1981). For some land-grants, 
becoming coeducational institutions expanded access to higher education even further, beginning 
with the University of Iowa in 1855 (Rudolph, 1990).  Thelin (2004) notes that coeducation at 
the nation’s land-grant colleges and universities resulted in a “proliferation of opportunities for 
women” (p. 75). In effect, by expanding “access, relevance, and service to society, these 
institutions democratized higher learning by making a college education widely available and 
embracing a pragmatic agenda in teaching, research, and extension” (Spanier, 1999, p. 199). 
Today, due to large student bodies, public land-grant universities also serve a large number of 
minority students. 
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Given land-grant colleges' and universities' histories, their role in educating scientists, 
and their continuing expansion of access to higher education, these institutions are ideal settings 
in which to investigate the extent to which women and minorities enter and persist in the 
sciences.  
 
 
Limitations of the Literature 
As with many other issues in sociology, conducting research on complex problems such 
as the connection between social stratification, higher education, major field choice, and 
underrepresented groups such as women and minorities, there are a number of limitations in the 
body of research on these topics. Such limitations may be associated with the theoretical models 
used, inconsistent language and definitions, the adequacy of data, methodologies, and the quality 
of empirical evidence. 
Theoretical issues. A significant limitation of the body of research on 
underrepresentation in the STEM fields is the inability thus far to incorporate many of the 
existing theories and empirical-based findings in an overarching theory of underrepresentation. 
Research continues to isolate theories and factors that impact underrepresentation throughout the 
STEM pipeline, leading Porter and Umbach (2006), in the case of research specifically on 
choosing a college major, to observe that researchers have yet to “integrate the theories to 
provide a comprehensive examination of college major choice” (p. 430).  
Following Persell’s (1977) suggestion, incorporating multiple levels of analysis will 
allow for theoretical synthesis and a more adequate conceptualization to occur. This observation 
is applicable to other areas of the STEM pipeline as well. Reviewing the literature—aside from a 
few key pieces that attempt to provide an overview of the literature on this topic (Clewell & 
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Campbell, 2002; Leslie et al., 1998; Leslie & Oaxaca, 1998)—results in an almost disjointed 
analysis with findings and theories scattered here and there, but without a clear synthesis of 
theories behind the reasons for underrepresentation. Given this limitation and the complexity of 
the problem of underrepresentation, what remains evident is that if an overarching theory is to be 
created, it will need to be complex in order to reflect the complexity of the issues at hand.  
One of the inadequacies of the body of research on underrepresentation in the STEM 
fields is the tendency to aggregate the experiences of different groups. Much of the literature on 
women’s underrepresentation focuses on the experiences, perspectives, and preferences of white 
women, overshadowing important racial differences within gender. In this sense, theories that 
seek to explain underrepresentation, such as socialization and the “female goal conflict” (Leslie 
et al., 1998, p. 261), are based on the experiences of the dominant white perspective in society.  
Hanson (2004) has begun to disaggregate the experiences of those who hold dual-
minority status as compared to those who have a single-minority status (i.e., white women). 
Hanson (2004) highlights the fundamental differences in the socialization of, interests in and 
attitudes towards science, and perspectives on the career-family balance between white women 
and African American women. Her work is critical in exposing these important differences, 
challenging widely-accepted theories of underrepresentation, and raising awareness that 
additional research is needed. The literature on women having to choose between careers and 
families as an explanatory reason for women’s low representation and participation in the STEM 
fields is an argument dominated by white privilege, while African American women have 
historically melded the two options together.   
Continuing to aggregate the experiences of minority women with white women when the 
socialization process and career-family expectations and aspirations are different severely limits 
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a comprehensive understanding of the reasons for underrepresentation. In addition, continuing to 
emphasize white perspectives and experiences may misinform intervention programs, especially 
when these programs are categorized as those for women and those for minorities; few are 
designed for both groups. In this sense, continuing to categorize dual-minority status individuals 
into one category or the other (i.e., gender or race) overlooks their unique needs. Critical Race 
Theory (CRT), a theoretical framework that can be useful in education research, explicitly 
considers race in interpreting the law and educational policies, bringing to the surface the role 
that race plays in shaping society. Incorporating the perspective used by or one akin to that of 
CRT may expand our theoretical understandings of the continued reasons for allowing the 
perspectives and experiences of whites to dominate the literature on women’s 
underrepresentation in the STEM fields.  
Definitions. Research on underrepresentation is also weakened by the use of inconsistent 
definitions, particularly around the issue of persistence and what fields are included in “STEM.” 
Persistence can be defined and measured in many different ways, often in relation to the type of 
data available to the researcher. Unfortunately, differential definitions can lead to differential 
outcomes, further complicating the issue being researched (Elliott et al., 1996). Studies such as 
Tan (2002) that define persistence in STEM as returning for the 2nd year of college (freshman-to-
sophomore year persistence) may focus on this particular juncture because it may be understood 
as a critical time point at which most students switch out of STEM majors. Alternatively, 
researchers such as Grandy (1998) utilize a broad definition of persistence, defined as those 
“who were working full-time or part-time in S/E [Science/Engineering] or who were studying 
S/E full-time or part-time (either undergraduate or graduate)” (p. 594). By using a broad 
definition of persistence, Grandy (1998) found that “there is something about completing the first 
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two years of coursework successfully that gives the student encouragement to complete the last 
two years” (p. 616).  
Also using a broad definition of persistence in the STEM fields, Elliott et al. (1996) 
reported “there is a substantial outflow from the science pipeline after the second year” (p. 698). 
This finding provides evidence of the importance of using broad definitions of persistence, as 
important discoveries may remain hidden if a narrow definition is used.  
A closer examination of students who depart after sophomore year may present 
methodological challenges due to the lower number of observations, but would allow researchers 
to determine if factors critical to freshman-to-sophomore year persistence also affect persistence 
in later years of college, in what ways these factors affect persistence, as well as aid in 
identifying additional factors that may be unique to persistence in subsequent years of college. In 
other words, persisting to the second year, while an important and significant predictor of 
completing a degree in a STEM major, does not equate to an outcome of degree attainment in a 
STEM field. Studies on persistence in the STEM fields in later years of college can be viewed as 
studying the “margins,” and by doing so, can present a more complete and comprehensive 
picture of factors that affect students’ persistence in the STEM fields throughout their 
undergraduate studies.  
A broad definition of persistence should also incorporate multiple outcomes and examine 
patterns of persistence over a period of time in order to capture persistence longitudinally. Once 
key time points in underrepresented students’ persistence are determined, they can then be 
examined more closely to identify specific factors that impact students’ decisions and actions. In 
addition, gaining a better understanding of when students switch to other fields, transfer to other 
institutions, or leave college will allow for better intervention programs to be designed and 
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delivered when they are most needed. Along similar lines, retention rates typically only report 
the number of students who start and end in a specific field, which “results in an overinflated 
retention rate because it does not account for inflow of students after the first year (Brainard & 
Carlin, 1998, p. 7). 
Another issue pertaining to definitions is what fields are considered included in “STEM.” 
STEM definitions, if explicitly defined, vary according to what college majors are included or 
excluded by researchers. Studies that focus only on engineering or specific majors within 
engineering can help inform research on the STEM field, but they should not be considered 
representative of the STEM field as a whole. As of 2000, the National Science Foundation’s 
definition of Science and Engineering (S&E) fields included psychology and the social sciences 
but excluded other science-related fields such as health and agricultural sciences (Huang et al., 
2000).  
With the expansion of majors and the increasing specialization of existing fields that 
create new majors to reflect advancing technologies and trends (e.g., environmental 
engineering), what constitutes STEM is often determined by the researcher. In addition, 
traditional definitions of STEM may focus only on majors that provide entrance into the high-
paying, high-status, and high-profile occupations. A broader definition of "STEM," such as the 
one used in this study and described in detail in Chapter 3, may include majors such as 
agricultural sciences and veterinary studies, thereby challenging the traditional perspective. In 
addition, as women and minorities may be increasingly participating in these types of science 
fields, it is important to include them in order to obtain a full understanding of their participation 
across all science-related fields. While expanding the definition of STEM to be more inclusive of 
additional fields may provide a more comprehensive picture of participation and representation, 
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traditional fields will continue to need to be investigated as long as privilege and status are 
instilled in those fields. 
Methodological problems. Methodological problems are common challenges in social 
science research, given the complexity of the research topic, the inability to isolate variables, 
interactions between variables, and the difficulty in determining causality (Blickenstaff, 2005; 
Rosenbloom et al., 2008).  
One of the most difficult methodological challenges to address in empirical research is 
the ability to disaggregate groups within race and gender categories to allow for better 
understandings of specific groups and better comparisons between groups. The low number of 
observations of women and minorities in the STEM fields may be the driving factor behind 
group aggregation, as well as major field aggregation. There are important gender differences to 
consider, including different preferences for and persistence in specific types of STEM majors. 
These differences alert researchers to the need for close examination of differences between 
racial categories as well (Oakes, 1990; Trusty, 2002; St. John et al., 2004), particularly given that 
there are distinct differences between sub-groups that are categorized within larger groups (i.e., 
African American, Hispanic, and Asian) (Song & Glick, 2004). In addition, some researchers 
(Sonnert et al., 2007) encourage others to “take field differences into account and to tailor effects 
and initiatives to the situation in specific fields (rather than simply targeting ‘women in science’ 
or ‘women in science and engineering’ in toto)” (p. 1352). Hanson’s (2004) article, described in 
detail earlier in this chapter, is a primary example of the importance of disaggregating groups 
and exemplifies the type of information that can be found by focusing on specific groups. While 
the low number of observations may be of concern in attempts to disaggregate groups within 
race or within gender, additional work such as Hanson’s must be pursued.  
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  Additional methodological issues include the use of statistical techniques that may 
overlook important contextual factors. As previously explained, Oaxaca decomposition is a 
statistical technique that allows for the comparison of different groups by assigning one group’s 
mean statistics to another group’s statistics to determine if there are actual differences between 
the groups. This approach, used by Frehill (1997), provides interesting analyses based on “what 
if” scenarios, but overlooks the importance of contextual factors, such as how a chilly 
departmental or campus climate may affect a student’s choice of major or persistence in the 
initial major. In addition, Oaxaca decomposition uses group mean scores, which ignores the 
variability of scores within a group, resulting in an incomplete examination of differences 
between groups for the variable being examined (e.g., high school grades in math and science) 
(Clewell & Campbell, 2002).  
Adequacy of data. Women’s and minority’s underrepresentation in the STEM fields has 
been examined using a variety of methodological approaches including rigorous statistical 
analysis of national data, state data, institutional data, and survey analyses, as well as qualitative 
methods including interviews, focus groups, and case studies. Quantitative studies face a number 
of challenges regarding the adequacy of the data used. For instance, research findings from 
studies conducted by Elliott et al. (1996), Turner and Bowen (1999), and Smyth and McArdle 
(2004), all of which focus on students at highly-selective institutions, have limited 
generalizability as the majority of college students do not attend this type of institution. Data that 
do include students from a variety of institutions are often outdated by the time they are analyzed 
due to the time lags associated with national longitudinal datasets such as High School and 
Beyond, Beginning Postsecondary Students, National Longitudinal Study of Survey Youth, and 
National Education Longitudinal Survey. 
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An additional problem associated with statistically analyzing data pertaining to women, 
minorities, and minority women in the STEM fields is often the low number of observations, 
particularly for specific outcomes such as examining women who remain in STEM majors 
(Clewell & Campbell, 2002). As a result, quantitative research on underrepresentation often 
focuses on one minority-status at a time, either by gender or by race but not for a combination of 
the two (Hanson, 2004). The lack of observations of specific populations, such as Native 
American women in the STEM fields, may explain why few studies have quantitatively 
examined these groups, although new programs such as the Gates Millennium Scholars may 
provide better suited data in the coming years to perform these types of analyses. Using 
qualitative methods such as interviews and focus groups with dual-minority status groups may 
aid in investigating the issues that affect entrance into and persistence in the STEM fields, as 
well as shed new light on possible theories of underrepresentation. However the ability to 
quantitatively test such findings will likely be limited.  
Other limitations related to data are the availability of specific pieces of information to 
include in statistical analyses (Elliott et al., 1996). Data such as grades from high school math 
and science courses, which can be difficult to obtain, make replicating specific studies to support 
or refute previous findings difficult. The use of single-institution data limits the generalizability 
of findings to other institutions, but can provide a case study of a particular issue, additional 
support for findings from previous studies, and can show change over time if longitudinal data is 
available. Research that utilizes single-institution data should include a brief discussion of 
program, department, college, and institution-specific factors that may affect the findings, their 
interpretation, and their implications. For instance, noting a university’s policy to admit students 
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to a STEM major during their sophomore year (Brainard & Carlin, 1998) will help explain 
patterns of persistence and switching that occur at the same time point. 
Quality of empirical evidence. The quality of empirical evidence is perhaps weakest in 
terms of demonstrating racial and gender discrimination as an explanation of why women and 
minorities continue to be underrepresented in the STEM fields despite their increased academic 
preparation and achievement, expanding workforce opportunities, and an influx of intervention 
programs designed to increase their participation in these fields over the past few decades.  
Finding empirical evidence of discrimination is difficult when such acts are often covert 
and hidden within society, institutions, and individuals. Few quantitative studies have found 
ways to quantify discrimination. A study conducted by Towers (2008) provides a rare example 
of gender discrimination evidence in a physics postdoctoral program by demonstrating preferred 
treatment of men in regards to a “gender-based allocation of conference presentations to 
collaborators on the experiment [which] appears to be an effective gate-keeping mechanism that 
chooses which females can move on to faculty positions and which cannot” (Towers, 2008, p. 
15). This differential treatment occurred despite evidence that women in the program were more 
productive than their male counterparts. These acts of discrimination were shown to negatively 
impact the long-term career outcomes of women who participated in the postdoctoral program. 
Qualitative studies may be more suitable for investigating individual’s experiences of being 
discriminated against or evaluating the climate of a major (Serex & Townsend, 1999), but even 
then, acts of discrimination may be so subtle that they may not be revealed or identified as 
discriminatory practices by either participants or the researcher.  
 Other limitations related to the quality of empirical evidence in the literature include the 
inability to make conclusive causal statements on the results of a study’s findings. For instance, 
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“although we know that girls and women hold more negative attitudes toward math and science 
than their male counterparts, we do not know conclusively how these attitudes affect girls’ and 
women’s participation in these fields” (Clewell & Campbell, 2002, p. 269). Along similar lines, 
studies may investigate persistence in the STEM fields but do not examine the majors that 
students enter upon switching out of STEM (Frehill, 1997), resulting in a limited understanding 
of persistence and enrollment patterns across disciplines as well as any knowledge of where 
students transfer to should they choose to leave the STEM fields. Another area that remains to be 
empirically investigated is how interests that affect college major and occupational choices are 
formed and how understanding these processes could inform interventions designed to improve 
representation (Porter & Umbach, 2006; Rosenbloom et al., 2008).  
This chapter provided an overview of recent research on the underrepresentation of 
women and minorities in the STEM fields, with specific attention given to factors affecting the 
choice of STEM majors and persistence in the field by underrepresented undergraduate students. 
The issues examined here pertain to and inform a larger discussion on the relationship between 
social stratification, higher education, and choice of major, as well as educational and 
occupational inequality for women and non-Asian minorities. The methodology used in this 
study, the subject of the next chapter, attempts to address some of the existing limitations 
including using broad definitions of persistence and the STEM fields, investigating the type of 
majors students switch to if they do not persist in their original major, and differences between 
racial and ethnic groups of women. 
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Chapter 3 
Methodology 
This chapter describes the methods that were used to investigate the research questions 
central to this study. A description of the research objectives, definitions, data, and methodology 
are provided.  
 
 
Research Objectives 
This study attempts to investigate the persistence of undergraduate women within the 
scientific fields, using a broad definition of what constitutes the STEM fields. Specifically, 
students’ persistence within and movement between scientific fields is explored, as well as 
factors that impact these outcomes. The following research questions are examined:  
1.  Of bachelor’s degree completers, at what rate do undergraduate females initially declare 
a STEM major as compared to undergraduate males?  
 
a. What are the rates of initially declaring a STEM major between racial and ethnic 
groups within undergraduate females? 
 
2. Of bachelor's degree completers, what are the rates of persistence in the STEM fields for 
undergraduate females as compared to undergraduate males? 
 
a. What are the rates of persistence in the STEM fields by racial and ethnic groups 
for undergraduate females? 
 
3. Of the females who do switch majors and complete an undergraduate degree, what types 
of major fields do they enter?  
 
a. How do these changes differ from the changes made by their undergraduate male 
counterparts?  
 
i. According to persistence status, does cumulative GPA differ between men 
and women? 
 
b. How do these changes differ between racial and ethnic groups among 
undergraduate females? 
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c. When do these movements occur? 
 
4. What factors influence persistence in a major field for undergraduate females who 
complete their degrees as compared to undergraduate males?  
 
a. What factors influence persistence in a major field for racial and ethnic groups 
within undergraduate females? 
 
5. How does persisting in a major impact time-to-degree for male and female students?  
 
a. How does switching majors impact time-to-degree for male and female students?  
 
b. How does persisting or switching majors impact time-to-degree for racial and 
ethnic groups within undergraduate females?  
 
Definitions 
A broad definition of STEM was used in this study, in order to capture a wide range of 
science-based fields. While much attention has been given to the high-status, high-profile STEM 
fields (e.g., computer science and engineering)—these often focused on due to the large number 
of concentrated efforts in improving participation and outcomes in these fields (Chen & Weko, 
2009)—other scientific fields such as the agricultural sciences and behavioral sciences are also 
arguably science-based, and should be considered in a broad-definition of what constitutes the 
STEM fields. The rise of new scientific fields such as those in the technology areas, as well as 
fields such as environmental engineering, reflect high-status, high-reward fields at this point in 
time in society. While these fields are of course important to investigate, the scientific merit of 
other fields, such as the agricultural sciences, should not be diminished or disregarded. This 
notion is reflected by the National Science Foundation’s (NSF) practice of recognizing a wide 
variety of scientific disciplines, particularly in their funding efforts, as evidenced by the range of 
NSF directorates. These directorates include areas such as the biological sciences; engineering; 
and the social, behavioral, and economic sciences.  
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  Using a broad definition of STEM also allows for a different perspective on differential 
participation rates. While women remain underrepresented in the high-profile STEM fields such 
as computer science and some engineering disciplines, the use of a broader STEM definition 
shows their increased participation rates in fields such as the biological sciences and psychology. 
Taken together, the participation gap between men and women in the STEM fields does not 
disappear, but significantly narrows. For example, a recent study of undergraduate students at a 
single institution found that only 11 percent of women initially enrolled in a high-status STEM 
field, but using a broader definition of STEM, their participation increased to 38 percent (Kienzl, 
George-Jackson, & Trent, 2008). 
In order to compare various science-oriented fields, rather than simply focus on high-
status STEM majors (e.g., engineering and computer science), a four-category taxonomy is used 
in this study to differentiate between different categories of scientific majors as well as to 
compare these types of majors to non-science majors. Classification of Instructional Program 
(CIP) codes were used to create this taxonomy (see Appendix B). In most categories, the four-
digit CIP code was used. However in categories containing a variety of programs, the six-digit 
category was used (e.g., Multidisciplinary Studies). In many of the Non-Science and Engineering 
categories, the two-digit CIP code was sufficient to categorize the majors. These four categories 
are largely based on those used by the NSF (2008b) in their Science and Engineering Indicators, 
with some modifications.17
1. Physical Science, Computer Science, Math, and Engineering (PSCSME) 
 The four categories are: 
2. Agricultural and Biological Sciences (ABS) 
                                               
17 The taxonomy used here includes health fields, whereas NSF’s taxonomy excludes these majors (they are featured 
in a separate report). The taxonomy here also includes math and science education majors in their respective 
categories (e.g., Biology Education is included in the Agricultural and Biological Sciences). Finally, the social 
sciences are categorized as Non-STEM fields based on the assumption that obtaining an undergraduate degree in the 
social sciences is not likely to lead to a career in the sciences.  
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3. Health Sciences and Psychology (HSP) 
4. Non-Science and Engineering (Non-STEM) 
Students were classified according to the CIP code of their majors. Students who had not yet 
declared a specific major were classified as Non-STEM.18
This study defines "persistence" as students who remained in their initial major category 
and completed a bachelor’s degree within six years.
 For the sake of brevity, the four 
categories will be referred to by the abbreviations listed above. 
19
                                               
18 Undeclared students within a specific field (e.g., Engineering Undeclared) were classified into the appropriate 
category. Students who were undeclared without reference to a specific field were classified as Non-STEM. 
 In this case, persistence is not only defined 
as remaining the original major, but also completing a degree in that major. Using this measure 
of persistence allows for successful students, as measured by their having obtained a bachelor’s 
degree, to be examined. Although college success is measured in numerous ways (McPherson & 
Schapiro, 2008), persisting in college to degree completion has direct implications for economic 
opportunities and social mobility through students’ future career options. Persistence within the 
STEM fields to degree completion is necessary to continue in the STEM education pipeline and 
a prerequisite for entering graduate programs in the STEM fields or the STEM workforce. In 
addition, while much is known about access to college, and by extension to the STEM fields, less 
is known about college success (McPherson & Shapiro, 2008; Bowen et al., 2009). The 
definition of persistence used in this study is offered in contrast to studies that only examine 
19 Students who stopped out, dropped out, transferred out, or took longer than six years to complete a degree at the 
university they initially matriculated into in Fall 1999 are excluded in this definition of persistence. Approximately 
27 percent of all students who matriculated to the five universities in the fall of 1999, or 7,195 students, did not 
graduate from the initial institution that they enrolled in. It is not known which of these students transferred to 
another institution, which dropped out of college, which stopped out of college for an unspecified amount of time, or 
which simply did not complete a bachelor’s degree in six years. Of the students who did not graduate, 45 percent 
were female, 5.3 percent were Asian, 9.2 percent were African American, 4 percent were Hispanic, 78 percent were 
White, and 3.1 percent were Native American, Other, or of Unknown race and ethnicity. In addition, 46.6 percent of 
students who did not graduate received a Pell Grant in the first academic year (1999–2000), signifying low-income 
status. On the other hand, 75 percent of Pell Grant recipients graduated from their original institution of 
matriculation in six years or less. Approximately 45 percent of non-graduating students’ fathers had less than a 
college degree, and nearly 50 percent of students’ mothers had less than a college degree.  
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first-to-second year persistence. Finally, in an effort to disaggregate and better understand the 
experiences of women from different racial and ethnic groups, the following racial and ethnic 
categories were examined: Asian, African American, Hispanic, and White.20
 
  
Data 
The study used longitudinal data on a single cohort of domestic, first-time, full-time 
freshmen who matriculated to five public land-grant universities in fall 1999 and who completed 
a bachelor’s degree within six academic years.21
The data were originally compiled as part of a larger collection of several selective public 
institutions’ data coordinated by the Andrew W. Mellon Foundation’s Public Universities 
Database project (formerly College and Beyond). The data were extracted from each university’s 
information system and were not obtained from surveying students, thereby eliminating issues 
pertaining to individual response rates.
 The academic careers of this cohort were 
tracked for a period of six years. Information on students’ social backgrounds, pre-college 
academic qualifications, major field of choice, and academic performance is included in the 
dataset. If the student completed a Federal Application for Financial Aid (FAFSA) form, 
additional data is also available regarding students’ socioeconomic background as well as the 
type and amount of financial aid received. A list of the variables used in the descriptive analysis 
and logistic regression models is available in Appendix C (see Table C1). 
22
                                               
20 Although Native Americans are underrepresented in the STEM fields and an important minority group to study, 
there are too few in the data to be statistically significant. They are reported in the descriptive tables in the following 
chapter, but they are not included in the written analysis or in the logistic regression models.  
 The Mellon Foundation’s College and Beyond 
21 The following groups were removed from the analysis: international students (n = 1,283), permanent residents (n 
= 972), transfer students (n = 6,311), part-time students (n = 1,857), students who began college in the summer of 
1999 (n = 28), and students who completed advance degrees within six academic years (n = 222). 
22 Some institutions did provide data for all of the variables that were requested, while some observations still had 
missing data. These omissions are due to decisions made by each university, the capabilities of their information 
systems, or due to reporting errors.  
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databases are commonly known databases within the higher education community and have 
resulted in such studies as Equity and Excellence in American Higher Education (Bowen et al., 
2005), and most recently, Crossing the Finish Line: Completing College at America’s Public 
Universities (Bowen et al., 2009).  
Under the supervision of Dr. William Trent, the Mellon Foundation and the five 
institutions in the study generously granted permission to use the data for this project. Overall, 
the combined five-campus cohort consists of nearly 17,000 domestic, first-time, full-time 
undergraduate students.23
The dataset features individual characteristics of the students as evidenced in the list of 
variables provided in Appendix C. Socio-demographic variables include gender, race/ethnicity, 
and residency status (e.g., in-state or out-of-state resident). Additional socio-demographic 
information was provided for students who filed the Free Application for Federal Student Aid 
(FAFSA), including mother’s educational attainment, father’s educational attainment, parent’s 
income level, parent’s marital status, and student’s marital status. Mother’s and father’s highest 
levels of education were re-coded to examine whether or not each parent had obtained a college 
degree and whether or not both parents had a college degree.
 The data are restricted to students who completed a bachelor’s degree 
within six years at the same institution where they originally enrolled.  
24 Pre-college information of 
interest includes standardized math, verbal, and combined test scores.25
                                               
23 The data from the five universities were merged in order to increase the number of observations for specific 
groups majoring in specific fields (e.g., Hispanic women majoring in PSCSME).  
  Standardized test scores 
were adjusted, or centered, based on the average scores of each student’s initial major. College 
variables include the institution the student attended, student’s initial major, student’s last major, 
24 Parents' education levels were not available for students who attended Institution E. The variable was deemed 
important enough, as a measure of students’ socioeconomic status, to retain in the study even though the data is only 
available for four of the five institutions.  
25 For comparative purposes, ACT scores were converted into SAT scores. If a student took both standardized tests, 
the higher of the two scores was used in the analysis.  
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the cumulative grade point average (GPA) at the end of their studies, and when they graduated. If 
a student switched majors, the semester in which the change occurred is known. For students 
who filed a FAFSA, their Pell Grant and Supplemental Educational Opportunity Grant (SEOG) 
status are known, either of which indicates low-income status. If a student received either award, 
the amount of the award is provided. Although much of the data are available on a semester-by-
semester basis, information was examined on an academic year basis. For example, students’ 
major field of study at the start of each academic year was used for analytical purposes.  
Institutional profiles. The five institutions in this dataset are public land-grant 
universities. The description of these universities provided here offers an understanding of the 
context in which the students in the study were attending college, but conceals the identities of 
each university in order to maintain confidentiality. Data from the Integrated Postsecondary 
Education Data System (IPEDS, 1999) was used to create an institutional profile of these five 
universities, including the institutional characteristics, average tuition charges, and financial 
information.  
Three universities are located in the Great Lakes region, one in the Plains region, and one 
in New England. Two universities are located in a large city, two universities are located in a 
mid-sized city, and one university is located on the urban fringe of a large city. All five 
institutions award doctoral degrees and are classified as public, four-year, land-grant universities. 
In 1999–2000, the average annual tuition at the five universities is $4,485 for in-state residents 
and $12,773 for out-of-state residents. The universities are predominately white institutions 
(PWIs) with the average minority population across the campuses comprised of 5.2 percent 
African Americans, 0.4 percent American Indian/Alaskan Natives, 6.4 percent Asian Pacific 
Islanders, and 2.8 percent Hispanics. Two of the five universities have an affiliated hospital and 
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four universities award medical degrees. In the 1999–2000 academic year, the campuses each 
served an average of 28,267 full-time undergraduate students and 4,609 part-time undergraduate 
students. The average full-time-equivalent (FTE) number of undergraduates enrolled at each of 
the five universities in 1999–2000 was 29,788.  
 In terms of the financial status of the five universities in this study, the average revenue 
funds for the academic year of 1999–2000 was $1.3 billion, with approximately 25 percent of 
revenues originating from state appropriations, 20 percent from tuition and fees, and 14 percent 
from federal appropriations. Total expenditures and transactions for 1999–2000 was also $1.3 
billion, with the largest expenditures related to instruction (26 percent) and research (20 percent). 
Of the average $69 million in scholarships and revenues across the five universities, 35 percent 
were institutional awards, 25 percent were state awards, 17 percent were from private sources, 
and 16 percent were Pell Grants.  
  In relation to the nation’s public, four-year universities, the five institutions in this study 
enrolled 4.2 percent of all men and 3.15 percent of all women attending these types of 
universities in 1999–2000. Overall, 3.6 percent of all students attending public, four-year 
universities were enrolled in these five institutions in 1999–2000 (IPEDS, 1999). All five 
universities were ranked in the top 50 public national universities by U.S. News and World 
Report in 1999 (U.S. News and World Report, 1999).  
 In 1999–2000, the five universities granted approximately 4 percent of all bachelor’s 
degrees awarded by the nation’s public four-year universities. Examining the number of degrees 
awarded by major field category, these five universities granted nearly 7 percent of PSCSME 
degrees, 5.5 percent of ABS degrees, and 3.4 percent of HSP degrees. Given that there are 647 
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public four-year institutions in the country,26
Profile of undergraduate students. As a reminder, first-time, full-time, domestic 
undergraduate students who matriculated in the fall of 1999 to the five universities in the dataset, 
and who completed a bachelor’s degree within six academic years, are the focus of this study. 
Table 1 in Appendix D provides a summary of students’ demographic and social background 
information.  
 the five universities are arguably meaningful 
producers of undergraduate STEM degrees.  
Of the 16,850 students in the dataset, 50.8 percent were male and 49.2 percent were 
female. In terms of the racial and ethnic composition of the students, 86 percent were white, 5.9 
percent were Asian, 4.1 percent were African American, 2.4 percent were Hispanic, and 1.5 
percent was of another27 race or ethnicity. As such, the 1999 cohort, reflective of the campuses 
that they attended, was predominantly white. In terms of their residency, 65.7 percent of students 
were residents of the state where they attended college, while 34.3 percent were out-of-state 
residents.28
In terms of students’ academic qualifications as measured by standardized test scores, the 
average math SAT score for these students was 603.45 (standard deviation = 91.578), the 
average verbal SAT score was 579.78 (standard deviation = 82.025), and the average total SAT 
score was 1181.15 (standard deviation = 154.629).
  
29
                                               
26 This number includes the five universities in this study. 
 Table D2 provides the average SAT math, 
verbal, and combined scores by students’ initial major category. Given that departments and 
colleges likely differed in terms of admissions requirements, it is not surprising that students who 
initially declared to major in PSCSME fields had higher math, verbal, and total SAT scores as 
27 As a reminder, this category includes Native American, Other, and Unknown race/ethnicity.   
28 See Appendix E for a summary of the gender and race/ethnicity distribution by institution.  
29 As a reminder, ACT scores were converted to SAT scores. If a student took both entrance exams, the higher of the 
two scores was used.  
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compared to students who initially entered in other majors. Nearly half of the students graduated 
within four years (47 percent), and the average cumulative GPA of all graduating students was 
3.2 (standard deviation = 0.44079).  
The math, verbal, and total SAT scores were centered for the purpose of the regression 
analysis. In other words, the average of the scores within a student’s first major was subtracted 
from their own score (i.e., student’s SAT – average SAT of first major field category). By 
centering the standardized test scores, differences in admissions requirements that are likely to 
exist between the four major field categories are taken into account (i.e., STEM majors may 
require a higher math or total SAT score than Non-STEM majors). Centering the scores provided 
a deviation score, which indicates the difference between the student’s own score and the 
average of their first major. The centered score will be used in the regression analysis, allowing 
for the interpretation of 100 point differences from the mean group score to be assessed. 
Specifically, the odds ratios, if significant, will be interpreted in relation to every 100 points 
above or below the mean scores within each group.  
 Approximately 72 percent of the 1999 entering class applied for financial aid through 
FAFSA for their first year of college (1999–2000). For these students, additional information 
about their social backgrounds is known (see Table D3). For students who filed for a FAFSA and 
reported their parent’s highest level of education in 1999–2000, 64.4 percent of fathers had a 
college education or higher and 59.7 percent of mothers had a college education or higher.30
                                               
30 These figures are of students who filed FAFSAs from Institution A, Institution B, Institution C, and Institution D. 
As a reminder, parent’s educational attainment was not reported for students who attended Institution E.  
 
Parents’ and students’ marital status were also reported by the majority of FAFSA filers. Of the 
70 percent of those reporting their parent’s marital status, 84.5 percent of parents were married 
or remarried and 12.2 percent were divorced or separated. A similar percentage of FAFSA filers 
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reported their own marital status, with 99.8 percent reporting that they were single. In addition, 
12.5 percent of all students received a Pell Grant and 7.2 percent received an SEOG award in 
1999–2000, signifying low-income status.  
Fewer students filed for financial aid in subsequent academic years. In 2000–2001, 2001–
2002, and 2002–2003, 54 percent of students filed FAFSA forms. Given that nearly half of the 
students graduated in four years, it is not surprising that fewer students filed for financial aid in 
the last two academic years: 29.4 percent submitted a FAFSA in 2003–2004 and 7.4 percent 
submitted a FAFSA in 2004–2005.  
Similarly, the number of low-income students, as measured by the percentage of students 
who received a Pell Grant or an SEOG award, decreases after the fourth academic year. Table 
D4 provides the percentage of students receiving each of these federal grants by academic year 
as well as the average amount awarded. Approximately 12 percent of students received a Pell 
Grant in the first four academic years, while only 5.8 percent received a Pell Grant in 2003–2004 
and only 1.5 received a Pell Grant in 2004–2005. Between five and seven percent of students 
received an SEOG award in the first four academic years as compared to 2.3 percent in 2003–
2004, and less than one percent in 2004–2005. The average Pell Grant amount awarded ranged 
from $1,933 in 1999–2000 to $2,449 in 2002–2003, while the average SEOG amount awarded 
ranged from $666 in 2004–2005 to $936 in 1999–2000.  
 
Methodology 
Quantitative methods were used to analyze the data and to answer the research questions 
outlined in this study. In order to conduct the analysis, the five existing datasets were merged and 
new variables were created as necessary. For example, an outcome variable was created to 
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examine major field persistence using students’ first and last declared majors. Observations with 
missing data were removed prior to conducting the analysis to ensure full information was 
available on each student in the database. 
Following preparation of the data, the analysis was conducted in two stages, beginning 
with basic descriptive statistics and cross tabulations which investigated patterns of entrance and 
participation in the STEM fields by students’ socio-demographic characteristics, academic 
preparation, academic performance, major field, and financial aid information. These descriptive 
statistics were used to answer the first three research questions. Comparisons were first made 
between female and male students. The results for females were then disaggregated by racial and 
ethnic groups to investigate within group differences. The programs students persisted in or 
transferred to were investigated, using the four-category taxonomy of majors. Again, 
comparisons were made between females and males, as well as by race and ethnicity within 
females. Differential rates of persistence were expected between males and females as well as 
between racial and ethnic groups of women.  
The second stage of the analysis used binary logistic regression to determine the factors 
that significantly impact persistence in students’ initial major. Comparisons are made between 
students who persisted in each of the four major categories. These findings were used to answer 
the fourth research question. Regression techniques allow for the relative contributions of 
factors, such as socio-demographic characteristics, to explain differences between groups 
(Pedhazur, 1997). In other words, what is the relative contribution or impact of a student’s 
gender on their persistence in a specific field? Consideration was also given to where the student 
was enrolled, the student’s overall academic performance, and their financial aid status, as these 
factors may impact major field persistence.  
 
 
71 
 
Binary logistic regression was the appropriate method to use in this analysis due to the 
dichotomous nature of the dependent variable of persistence (i.e., a student did or did not 
persist). In addition to being useful in examining dichotomous outcomes, the method relaxes 
some of the assumptions required of other regression models (Hair, Anderson, Tatham, & Black, 
1998). However, problems can arise from multicollinearity and zero cell counts (DeMaris, 2004).  
The binary logistic regression equation is expressed as  
Y = β0 + β1χ1 + β2χ2 + β3χ3 + . . . + βkχk                        (1) 
where Y is the log odds of the binary dependent variable, β0 is the constant, β1 through βk are the 
logistic regression coefficients, and χ are the independent variables (χ1…χk).  
Unlike regression models for continuous dependent variables, which use ordinary least 
squares, the logistic regression equation uses a maximum likelihood to examine the probability 
of a certain outcome (DeMaris, 2004; Hair et al., 1998), such as if a student persisted in their 
original major. In addition, binary logistic regression models do not attempt to explain or predict 
variance of the outcome, and the resulting “coefficients do not have an intuitively simple 
interpretation” (DeMaris, 2004, p. 260). Instead, results of binary logistic regression models 
provide odds ratios that can be interpreted as the relative impact of each independent variable on 
the probability of a certain outcome. As DeMaris (2004) explains, the resulting odds ratios for 
the independent variables and interaction terms “can be interpreted as the multiplicative impact 
on the odds of an event for a unit increase in χk, net of the other covariates” (p. 264). A positive 
logit coefficient indicates that the outcome of interest is more likely to occur, while a negative 
logit coefficient indicates that the outcome is less likely to occur (Hair et al., 1998).  
The analysis compared binary logistic regression models that met the non-significant test 
under the Hosmer and Lemeschow chi-square goodness-of-fit test (i.e., the model adequately fit 
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the data). The lowest -2 log likelihood value, another goodness-of-fit measure, was analyzed to 
determine which models best fit the data. Finally, factors that were found to be statistically 
significant at alpha level 0.05 were analyzed and interpreted. Two types of models were run: the 
first contained variables shared by all students, while the second contained additional variables 
related to financial aid for students who filed a FAFSA. A total of 45 models were run, first for 
all students and then for female students. Only the final, or best-fitting models for each group of 
interest and for each major field category are reported in Chapter 4, providing insight into why 
students persist in their original majors. The specific results are provided in Chapter 4 and are 
discussed in detail in Chapter 5. Limitations of the study, implications of the findings, and plans 
for future research are also discussed in the final chapter.  
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Chapter 4 
 
Results 
 
 This chapter offers a detailed discussion of the results of the quantitative analysis used in 
the study. Recall the research questions that are central to this study:   
1. Of bachelor’s degree completers, at what rate do undergraduate females initially declare a 
STEM major as compared to undergraduate males?  
 
a. What are the rates of initially declaring a STEM major between racial and ethnic 
groups within undergraduate females? 
 
2. Of bachelor's degree completers, what are the rates of persistence in the STEM fields for 
undergraduate females as compared to undergraduate males? 
 
a. What are the rates of persistence in the STEM fields by racial and ethnic groups 
for undergraduate females? 
 
3. Of the females who do switch majors and complete an undergraduate degree, what type 
of major fields do they enter? 
 
a. How do these changes differ from the changes made by their undergraduate male 
counterparts?  
 
i. According to persistence status, does cumulative GPA differ between men 
and women? 
 
b. How do these changes differ between racial and ethnic groups among 
undergraduate females? 
 
c. When do these movements occur? 
 
4. What factors influence persistence in a major field for undergraduate females who 
complete their degrees as compared to undergraduate males?  
 
a. What factors influence persistence in a major field for racial and ethnic groups 
within undergraduate females? 
 
5. How does persisting in a major impact time-to-degree for male and female students?  
 
c. How does switching majors impact time-to-degree for male and female students?  
 
d. How does persisting or switching majors impact time-to-degree for racial and 
ethnic groups within undergraduate females?  
 
 
74 
 
The results are presented and discussed in order of the research questions and the 
corresponding tables are available for review in Appendix D. Descriptive statistics and cross-
tabulations were used to answer the first three research questions, namely describing who 
initially entered in each type of major field category, who persisted in their initial major, and of 
students who switched majors, what type of major they entered. When appropriate, chi-square 
tests of independence determined if the distributions significantly differed from each other. 
Binary logistic regression was employed to investigate the factors that influence persistence in 
each major field category (Research Question 4). The final research question, which examines 
students’ time-to-degree, was answered using descriptive statistics and cross-tabulations.  
Comparisons were first made between male and female students, then between racial and 
ethnic groups of women. As a reminder, and for the sake of brevity, the following abbreviations 
are used when referring to the four major field categories described in the preceding chapter: 
PSCSME (Physical Science, Computer Science, Math, and Engineering), ABS (Agricultural and 
Biological Sciences), HSP (Health Sciences and Psychology), and Non-STEM (Non-Science and 
Engineering) 
 
Declaring the Initial Major 
 The first research question investigated the major that students entered at the beginning 
of their undergraduate studies, specifically in the 1999–2000 academic year. Students who were 
undeclared or in a general studies major were categorized as Non-STEM majors.31
                                               
31 Undeclared students in Non-STEM are distinguished from students who are undeclared within a specific college 
(e.g., undeclared in engineering), and are included in the appropriate major field category. The logic behind 
distinguishing these two types of students is that a student may have applied to a specific college, such as the 
College of Engineering, and may have subsequently been admitted to that college even though they did not declare a 
specific major within the college.  
 Overall, 27 
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percent of freshman began their studies in PSCSME, 11 percent began in ABS, 8 percent began 
in HSP, and 54 percent began in Non-STEM (see Table D5). 
Initial major by gender. The PSCSME majors—or what are typically considered as the 
high-status, high-profile science fields—were predominantly comprised of male students (79 
percent men versus 21 percent women). Within gender, 42 percent of males initially declared a 
major in PSCSME, compared to 11.5 percent of women.   
 In examining the gender composition of ABS, the field was comprised of 60 percent 
women and 40 percent men. The gender gap—in favor of women—was even greater in the HSP 
(78 percent women and 22 percent men). Additionally, 13 percent of all women in the study 
entered ABS and another 13 percent entered HSP majors. A much smaller percentage of men 
entered these fields (8 percent entered ABS and 4 percent entered HSP).  
 Men’s and women’s entrance into Non-STEM majors shows that slightly more women 
entered these majors than men (57 percent versus 43 percent, respectively), and as expected, a 
higher percentage of women than men began their studies in a Non-STEM major (63 percent of 
women versus 46 percent of men). Differences in the initial major choice selection by gender 
was statistically significant, x2 (3, N = 16,850) = 2,173.58, p < .05. 
 Initial major for women, by racial and ethnic groups. Disaggregating the female 
students in the dataset by racial and ethnic groups allows for the examination of differences that 
exist between women. This additional level of analysis seeks to bring important differences to 
light, rather than assume that women’s patterns of behavior and experiences with regards to 
college majors are homogenous. The Pearson Chi-Square test showed that the differences in 
initial major choice by women of different racial and ethnic groups was statistically significant, 
x2 (12, N = 8,283) = 36.59, p < .05. 
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 Table D5 shows that a higher percentage of Asian women initially entered PSCSME 
(16.9 percent), as compared to white women (11.3 percent), Hispanic women (10.8 percent), and 
African American women (9.8 percent).32
 Asian women, Hispanic women, and white women entered ABS majors at approximately 
the same rate (13.9 percent, 13.5 percent, and 13.2 percent, respectively). Fewer African 
American women initially majored in ABS (7.4 percent). Although the percentage of Asian 
women who declared this type of major was less than in PSCSME, the percentage of Hispanic 
and white women entering ABS majors increased in comparison to PSCSME. The percentage of 
African American women who entered HSP increased dramatically—doubling their entrance 
into ABS (15 percent versus 7.4 percent). Asian women entered HSP at approximately the same 
level of participation as in ABS (14 percent), while white and Hispanic women’s participation in 
HSP decreased slightly as compared to ABS (12.7 percent and 10.3 percent, respectively). The 
majority of women across all five campuses initially entered a Non-STEM major (55 percent of 
Asian women, 67.9 percent of African American women, 65.5 percent of Hispanic women, and 
62.7 percent of white women).  
 As such, there was a slight difference in the rates that 
women of different racial and ethnic backgrounds declared majors in the high-status, high-profile 
STEM fields.  
 Possible differences between the five institutions in the dataset were tested for differences 
with regard to students’ initial major selection. Chi-square tests were run on the expected 
distributions across the four major field categories to determine if students’ declaration of their 
initial major significantly differed according to the institutions they attended. Table D6 shows 
the difference in the expected number of students in each major field category, based on the 
                                               
32 Although reported here, the number of students in the racial and ethnic category (Native American, Other, and 
Unknown) is small, and therefore will not be discussed here.  
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distribution of students across all categories, as well as the actual distribution of students for each 
of the five universities in the study. Each institution differed significantly at alpha level .05; 
however, the magnitude of the difference in expected versus observed major field declarations 
varied significantly by field and by institution. For instance, at Institution A, nearly 200 fewer 
students entered ABS than expected, while at Institution C only 24 fewer students entered ABS 
than expected. More than 200 fewer students initially declared to major in HSP at Institution B, a 
large difference, compared to the 0.3 more people who declared HSP as their first major at 
Institution E. Most importantly, this analysis shows that while aggregating the five institutions’ 
data allows for larger cell sizes to be examined, which is particularly important in order to 
examine differences between women by racial and ethnic group, there were statistically 
significant differences between institutions regarding students’ initial major choice. This finding 
is taken into consideration in the binary logistic regression models. 
 
Major Field Persistence 
 Using students’ first and last major field category, analysis was conducted on major field 
persistence. Comparisons were made between male and female students as well as between racial 
and ethnic groups among females. Tables D7 and D8 summarize the findings on students’ major 
field persistence.  
Overall, the vast majority of students persisted in their original major (77.1 percent), 
obtaining a bachelor’s degree in the major they declared their first year of college. In addition, 
male and female students persisted at similar rates, regardless of initial major (77.8 percent of 
men and 76.4 percent of women). Differences in persistence by gender was statistically 
significant, x2 (1, N = 16,850) = 4.84, p < .05.  
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While Table D7 shows the patterns of persistence by major field category across all 
institutions, Table D8 shows that there are statistically significant differences at each of the five 
institutions between the number of students expected to persist in each major field category 
based on patterns of persistence of all students in the dataset as well as the number of students 
who actually persisted in each field at each institution. These differences are not surprising given 
the differences found between students initial major declaration at each of the five institutions. 
Chi-square tests revealed that these differences are statistically significant at alpha level .05.  
Similar to the differences between institutions with regard to students’ initial majors, patterns of 
persistence differed greatly across the five institutions. For instance, nearly 70 fewer students 
persisted in PSCSME at Institution B than expected, as compared to almost 200 more at 
Institution D.  While Institution A had nearly 70 more students persist in HSP than expected, 
Institution B had 108 fewer students persist in HSP than expected. This analysis reinforces the 
earlier finding that institutional differences exist. Again, these differences were incorporated into 
the binary logistic regression models used to answer the fourth research question. Next, 
persistence was explored by initial major category and gender as well as by race and ethnicity for 
female students (see Table D9). 
Persistence in major by gender. Of the students who began college in PSCSME, a 
higher percentage of men persisted through to degree completion than women (75.2 percent 
versus 64 percent, respectively). A slightly higher percentage of women persisted in ABS as 
compared to men (57.5 percent versus 51.2 percent). A much larger percentage of women who 
began in HSP persisted in their original major as compared to men, with 54.5 percent of women 
and 32.9 percent of men persisting and obtaining degrees in HSP. Men and women persisted at 
approximately the same rate in the Non-STEM fields (88.5 percent versus 87.1 percent, 
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respectively). Differences in persistence by gender and initial major were found to be statistically 
significant across each major field category: PSCSME x2(1, N = 4,536) = 47.74, p < .05; ABS x2 
(1, N = 1,787) = 6.91, p < .05; HSP x2 (1, N = 1,374) = 44.3, p < .05; and Non-STEM x2 (1, N = 
9,153) = 4.28, p < .05.  
Persistence in major field for women, by racial and ethnic groups. Within PSCSME, 
73 percent of Asian women, 47 percent of African American women, 63 percent of Hispanic 
women, and 64 percent of white women persisted in their original major. Of women who began 
in ABS, 50 percent of Asian women, 38 percent of African American women, 57 percent of 
Hispanic women, and 59 percent of white women persisted in this major. Within HSP majors, 48 
percent of Asian women, 46 percent of African American women, 48 percent of Hispanic 
women, and 56 percent of white women persisted in the major. Nearly 90 percent of Asian 
women, African American women, Hispanic women, and white women persisted in Non-STEM 
majors. Chi-square tests revealed that the differences in persistence between racial and ethnic 
groups of women were not statistically significant.  
 
Switching Major Fields 
 The analysis continued by examining the majors that students switched to upon leaving 
their initial major, with specific attention given to the decisions that women make in comparison 
to their male counterparts as well as the decisions women of different racial and ethnic groups 
make. The timing of when the movements occurred was also examined. 
 Women switching majors. Table D10 summarizes women’s initial college major and 
the major they completed their bachelor’s degree in. The preceding analysis revealed that the 
vast majority—over three-quarters—of students persisted in their original majors (see Table D7). 
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Therefore, this portion of the analysis focuses on the behaviors of approximately 25 percent of 
women in the dataset. It is important to note that this analysis only examines the first and last 
majors declared by students (i.e., students may have switched majors more than once during 
college). 
 Of women who switched from PSCSME, the majority completed their degree in Non-
STEM (25 percent), while 6 percent completed a degree in ABS, and 5 percent completed a 
degree in HSP. Of the women who switched from ABS, 5 percent switched to PSCSME, 14 
percent switched to HSP, and 24 percent switched to a Non-STEM major. Of women who began 
college in a HSP major, 1 percent completed a degree in PSCSME, 7 percent completed a degree 
in ABS, and 38 percent completed a degree in a Non-STEM field.  
 Very few—only 1 percent of women—began college in a Non-STEM field and 
completed a degree in the PSCSME fields. Three percent of women who initially majored in a 
Non-STEM field completed a degree in ABS. Nine percent of women who began in Non-STEM 
completed a degree in HSP. These patterns of behavior were found to be statistically significant 
by major field, x2(9, N = 16,850) = 8,468.55, p < .05.  
  Men switching majors. Men’s patterns of switching majors were analyzed to serve as a 
comparison to women’s patterns of behavior (see Table D11). Similar to the women in the study, 
and consistent with the results in the preceding section (see Table D7), the majority of men 
persisted in their original major field category. Of men who began college in PSCSME, 2 percent 
obtained a degree in ABS, 2 percent obtained a degree in HSP, and 21 percent obtained a degree 
in a Non-STEM field. Of men who initially declared a major in ABS, 9 percent completed a 
degree in PSCSME, 6 percent completed a degree in HSP, and 34 percent completed a degree in 
a Non-STEM field. Of men who began their studies in HSP, 7 percent completed a degree in 
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PSCSME, 15 percent completed a degree in ABS, and 45 percent completed a degree in a Non-
STEM field. Of men who switched from Non-STEM, 5 percent completed a degree in PSCSME, 
3 percent completed a degree in ABS, and 3 percent completed a degree in HSP. The chi-square 
test revealed that the differences in men’s major field persistence were statistically significant, 
x2(9, N = 8,567) = 7,399.31, p < .05. 
 Comparing the patterns of switching and the majors that students switched to reveals 
interesting differences between male and female students. Chi-square tests were used to 
determine if the differences between men and women switching major, by students’ first major, 
were statistically significant. The results revealed that within each first major category, 
differences between the genders were statistically significant: PSCSME x2(3, N = 4,536) = 
87.808, p < .05; ABS x2 (3, N = 1,787) = 49.715, p < .05; HSP x2 (3, N = 1,374) = 82.093, p < 
.05; and Non-STEM x2 (1, N = 9,153) = 193.004, p < .05.  
Although more men persisted within PSCSME majors, fewer men who switched from 
PSCSME entered other science-based major field categories as compared to women. Of women 
who began in PSCSME, 6 percent switched to ABS (versus 2 percent of men) and 5 percent of 
women switched to HSP (versus 2 percent of men).  
A higher percentage of women persisted in ABS majors than men (58 percent versus 51 
percent). Of those who switched, a higher percentage of men entered PSCSME or Non-STEM 
majors as compared to women (9 percent of men entered PSCSME as compared to 5 percent of 
women; 34 percent of men entered Non-STEM as compared to 24 percent of women). A greater 
percentage of women than men switched from ABS and completed a degree in HSP (14 percent 
versus 6 percent, respectively). 
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 Continuing this analysis reveals a much larger portion of women persisted in HSP as 
compared to men (55 percent of women versus 33 percent of men). Given that nearly 70 percent 
of men who began in HSP completed a degree in another major, it is not surprising that the 
percent of men entering other fields from HSP is larger than the percent of women entering other 
fields (7 percent versus 1 percent entered PSCSME, 15 percent versus 7 percent entered ABS, 
and 45 percent versus 38 percent entered Non-STEM, respectively). In sum, although a larger 
percentage of men entered into and completed degrees in PSCSME than women, women entered 
and persisted at greater rates than men in ABS and particularly in HSP. In addition, of students 
who switched from PSCSME, ABS, and Non-STEM majors, a greater percentage of women 
entered into HSP as compared to men.  
Cumulative GPA for men and women by persistence status. Additional information 
about students who switched majors is provided in Tables D12 and D13. Table D12 shows men’s 
and women’s cumulative GPA at the end of their studies, by persistence status. Overall, within 
students who switched majors, and within students who persist, women had higher cumulative 
GPAs at the end of their studies. These differences were found to be statistically significant, F 
(1, 16,848) = 83.87, p = .000. 
 Table D13 provides additional detailed information regarding men's and women’s 
cumulative GPA by their first and last majors. Women had higher cumulative GPAs than men at 
the end of their studies across all first and last major combinations except in three instances: 
switching from ABS to HSP, switching from HSP to PSCSME, and switching from HSP to 
ABS. Analysis of variance reveals that these differences were statistically significant, F (3, 
16,846) = 3.52, p = .014. 
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Switching majors for women, by racial and ethnic group. Next, differences in 
switching majors by racial and ethnic groups within women were examined using cross-
tabulations. This analysis allows for comparisons to be made between different racial and ethnic 
groups of undergraduate female students, rather than aggregating women’s behaviors across 
racial and ethnic groups. For reporting purposes and to make the tables readable, the results are 
organized by racial and ethnic groups (see Tables D14–D17).  
 African American women. Table D14 summarizes African American women’s behavior 
with regard to their first and last majors in college. Of African American women who began in 
PSCSME, 47 percent completed degrees in the same field. Of those who switched majors, 38 
percent completed a degree in Non-STEM fields, 7 percent completed a degree in ABS, and 9 
percent completed a degree in HSP. Of African American women who began their undergraduate 
studies in ABS, 38 percent completed a degree in their original major field category. Nine 
percent of African American women who switched from ABS completed a degree in PSCSME, 
27 percent completed a degree in HSP, and 27 percent completed a degree in Non-STEM. 
Approximately the same percentage of African American women who began in and completed a 
degree in PSCSME also did so in HSP (47 percent). Of those who switched from HSP, the 
majority (49 percent) completed their degrees in a Non-STEM field, while 4 percent completed a 
degree in ABS. No African American women began in HSP and completed a degree in 
PSCSME. The vast majority of African American women started and ended their undergraduate 
studies in a Non-STEM field (nearly 90 percent). Of those who switched from Non-STEM, 1 
percent completed a degree in PSCSME, 3 percent completed a degree in ABS, and 8 percent 
earned a bachelor’s degree in HSP. A statistically significant difference was found among 
African American women’s persistence by major field, x2(9, N = 461) = 299.59, p < .05.  
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Hispanic women. Table D15 shows that of the 63 percent of Hispanic women who 
initially declared a PSCSME major persisted and completed a degree in the same major field 
category. The majority of those who switched from PSCSME completed a degree in a Non-
STEM field (33 percent), while 4 percent earned a degree in ABS. The majority of Hispanic 
women who began their college education in ABS persisted in ABS (57 percent). Of those who 
switched from ABS, the majority entered and completed a degree in HSP (27 percent), while 7 
percent completed a degree in PSCSME and 10 percent completed a degree in a Non-STEM 
field. Nearly half of Hispanic women began and ended their degrees in HSP (48 percent). An 
equal percentage of students who began in HSP completed their degrees in a Non-STEM field 
after switching from HSP (48 percent). The remaining Hispanic women (4 percent) completed 
their degrees in ABS. Over 90 percent of Hispanic women persisted and completed their degrees 
in a Non-STEM field. Of those who switched, 3 percent completed a degree in ABS and 6 
percent completed a degree in HSP. A statistically significant difference was found among 
Hispanic women’s persistence by major field, x2(9, N = 223) = 244.46, p < .05. 
 Asian women. Table D16 shows the patterns of major field persistence and switching for 
Asian women. A higher percentage of Asian women who began in PSCSME completed a degree 
in the same types of fields (73 percent), as compared to women from other racial and ethnic 
groups. Of those who switched, 11 percent completed their degree in ABS, 4 percent completed 
their degree in HSP, and 13 percent completed their degree in a Non-STEM field. Half of Asian 
women who initially declared an ABS major completed a degree in that major. Thirty percent of 
Asian women began their studies in ABS but completed a degree in a Non-STEM field. In 
addition, 5 percent of Asian women who began in ABS completed a degree in PSCSME, while 
16 percent completed a degree in HSP. The majority of Asian women who began in HSP 
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completed a degree in HSP (48 percent), while 5 percent completed a degree in PSCSME, 11 
percent completed a degree in ABS, and 37 percent completed a degree in a Non-STEM field. As 
expected, the vast majority of Asian women who initially declared a Non-STEM major 
completed their degrees in this major field category. Of those who switched from Non-STEM, 2 
percent completed a degree in PSCSME, 3 percent completed a degree in ABS, and 6 percent 
completed a degree in HSP. A statistically significant difference was found among Asian 
women’s persistence, by major field, x2(9, N = 461) = 465.68, p < .05. 
 White women. Table D17 offers the first and last major field categories for white women. 
Sixty-four percent of white women who entered PSCSME earned a degree in these types of 
fields, 25 percent switched from PSCSME to Non-STEM fields, 6 percent switched to ABS, and 
5 percent switched to HSP. Of white women who initially majored in ABS, 59 percent 
completed their degrees in this field. Of those who switched from ABS, 24 percent completed a 
degree in Non-STEM, 5 percent completed a degree in PSCSME, and 12 percent completed a 
degree in HSP. Of white women who initially majored in HSP, 56 percent persisted within the 
field, 37 percent completed a degree in Non-STEM majors, 6 percent completed a degree in 
ABS, and 1 percent completed a degree in Non-STEM fields. As with other racial and ethnic 
groups, the majority of white women who began in Non-STEM completed their degrees in Non-
STEM (87 percent). Of the number of white women who switched from a Non-STEM degree, 
nine percent earned degrees in HSP, 3 percent in ABS, and 1 percent in PSCSME. A statistically 
significant difference was found among white women’s persistence, by major field, x2(9, N = 
7,010) = 7,334.07, p < .05. 
When students switch majors. The data were then analyzed to examine differences 
between when men and women switched majors, and when African American, Hispanic, Asian, 
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and white women switched majors (see Table D18). Specifically, students’ first and last majors 
were used to determine when the change occurred, for those students who did not persist in their 
original major (n = 3,851).  
Surprisingly, no students changed majors until their third year of study (2001–2002), 
when 43 students, or approximately 1 percent of students who switched majors, declared a 
different major. Approximately 45 percent of all students switched majors in their fourth year 
(2002–2003), 40 percent switched majors in their fifth year of study, and 13 percent changed 
majors in their sixth year of study.  
Next, the timing of men’s and women’s switching majors was examined. A larger 
percentage of women switched majors in their fourth year of study as compared to men (56 
percent versus 35 percent), while the reverse is true for the fifth year of study (47 percent of men 
and 33 percent of women). An additional 16 percent of men and 9 percent of women switched 
majors in their sixth year of study. These differences were found to be statistically significant, 
x2(3, N = 3,851) = 179.073, p < .05. 
In comparing the timing of switching majors between racial and ethnic groups of women, 
the majority of Asian, Hispanic, and white women switched majors in their fourth year (61 
percent of Asian women, 62 percent of Hispanic women, and 58 percent of white women versus 
36 percent of African American women). In students’ fifth year of college, 28 percent of Asian 
women, 47 percent of African American women, 27 percent of Hispanic women, and 32 percent 
of white women switched majors. An additional 7 percent of Asian women, 17 percent of 
African American women, 9 percent of Hispanic women, and 9 percent of white women 
switched majors in their sixth year of study. A statistically significant difference was found in the 
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timing of when racial and ethnic groups of women switched majors, x2(12, N = 1,953) = 42.886, 
p < .05. 
A closer examination of the timing of men’s and women’s major field switching, using 
first and last major categories, reveals additional insight into these differences (see Table D19). 
Of men who switched from PSCSME, 33 percent switched in the fourth year of study, 49 percent 
switched in the fifth year of study, and 18 percent switched in the sixth year of study. In 
comparison, 56 percent, 34 percent, and 9 percent of women switched in their fourth, fifth, and 
sixth years of study, respectively. Of men who switched from ABS, 45 percent switched in the 
fourth year, 41 percent switched in the fifth year, and 13 percent switched in the sixth year of 
college. Approximately 60 percent of women who switched from ABS did so in the fourth year 
of study, 29 percent switched in their fifth year of study, and 10 percent switched in their sixth 
year of study.  
Thirty-three percent of men who switched from HSP did so in their fourth year of study, 
as compared to 52 percent in the fifth year, and 14 percent in the sixth year of college. Of women 
who switched from HSP, 47 percent changed majors in their fourth year of college, 42 percent 
changed majors in their fifth year of study, and 11 percent changed in their sixth year. Of men 
who switched from Non-STEM majors, 34 percent changed majors in their fourth year of study, 
47 percent changed in their fifth year of study, and 18 percent changed in their sixth year of 
study. In comparison, 61 percent of women who switched from a Non-STEM major did so in 
their fourth year of study, 29 percent switched in their fifth year of study, and 8 percent switched 
in their sixth year of study. Chi-square tests were run to determine if there were statistically 
significant differences in the timing of when men and women changed majors. The tests revealed 
that within each category, the differences between male and female students were statistically 
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significant: PSCSME x2(3, N = 1,230) = 63.176, p < .05; ABS x2 (3, N = 850) = 20.052, p < .05; 
HSP x2 (3, N = 692) = 12.487, p < .05; and Non-STEM x2 (3, N = 1,124) = 81.701, p < .05.  
Table D20 summarizes when women of different racial and ethnic categories switched 
majors, organized by their initial major. The largest percentage of women switching within each 
racial and ethnic category is highlighted here. Caution should be used in interpreting the results 
due to the small cell sizes for Asian, African American, and Hispanic women, due to the data 
being disaggregated by gender, race/ethnicity, initial major category, and the academic year in 
which students’ switched majors. Of women who switch from an initial major in PSCSME, 71 
percent of Asian women and 59 percent of white women switched in the fourth year of study, 
while 46 percent of African American women and 67 percent of Hispanic women switched from 
PSCSME in their fifth year of study. Of women who switched from an ABS major, 69 percent of 
Asian women, 69 percent of Hispanic women, and 60 percent of white women switched in the 
fourth year of study, while 62 percent of African American women switched majors the 
following academic year. Within women who switched from HSP, half of Hispanic women and 
half of white women switched majors in their fourth year of study, while 47 percent of Asian 
women and 54 percent of African American women switched in their fifth year of study. The 
majority of women from each racial and ethnic group who initially majored in Non-STEM 
changed to a new major in the fourth academic year (64 percent of Asian women, 53 percent of 
African American women, 85 percent of Hispanic women, and 61 percent of white women. Chi-
square tests revealed that within each major field category, the differences between racial and 
ethnic groups of women were statistically significant for each of the STEM categories: PSCSME 
x2(12, N = 343) = 22.936, p < .05; ABS x2 (12, N = 454) = 22.121, p < .05; and HSP x2 (12, N = 
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486) = 25.733, p < .05. Differences within the Non-STEM fields were not statistically 
significant.   
 
Factors That Influence Major Field Persistence 
 Binary logistic regression was employed to examine the factors that influence students’ 
persistence in each major field category. The dependent variable used in the logistic regression 
models was a dichotomous variable that examined whether or not a student persisted in their 
original major. As a reminder, the resulting odds ratios are interpreted in relation to the 
probability that students persisted in their initial major. Separate models were run for each of the 
four major field categories in order to compare the factors that affected persistence in each type 
of major. 
 Forty-five unique regression models were run for each major field category for each 
group of interest (e.g., all students, students who filed a FAFSA, female students, and female 
students who filed a FAFSA). The models began with basic socio-demographic variables, 
including gender and race/ethnicity. Variables were added for each additional model that was 
created, including measures of academic preparation and performance and the universities that 
students attended. For students who filed a FAFSA, additional socio-demographic information 
was added, including parents’ marital status and whether or not the student received a Pell Grant 
in their first academic year (1999–2000). In order to have a better understanding of students’ 
socioeconomic background, parents’ highest level of education and parental income were 
included in the regression models.33,34
                                               
33 The correlation matrix revealed that these variables were significantly correlated with each other but that the 
relationships were weak.  
 Categorical variables were interpreted in comparison to a 
34 Parent’s level of education was not available for students who attended Institution E. These students were not 
included in the regression analysis for students who filed a FAFSA. 
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category not included in the summary tables: racial and ethnic groups are compared to whites, 
parents’ income is compared in relation to parents with an income of $100,000 or more, and 
institutions that students attended are in comparison to Institution D (for students who filed a 
FAFSA and for female students who filed a FAFSA) or Institution E (for all students and for all 
female students). 
The final models, reported in Tables D21 through D24, were selected based on two 
goodness-of-fit measures: the Hosmer and Lemeshow goodness-of-fit index and the -2 log 
likelihood of the reduced model. Lower -2 log likelihood values indicated a better fitting model, 
while non-significant Hosmer and Lemeshow tests indicated that the model adequately fit the 
data. The variables that were found to be statistically significant in each model are discussed 
below.  
 All students. For PSCSME students, being female, an in-state resident, and SAT Math 
scores are statistically significant (see Table D21). Controlling for other variables, being female 
reduced the odds of persisting in PSCSME fields by a factor of 0.667, while being an in-state 
resident reduced the odds of persisting in PSCSME fields by a factor of 0.765. A 100-point 
increase in a students’ math SAT score, in relation to the mean math SAT score of PSCSME, 
increased the odds of persisting in PSCSME by a factor of 1.010, and therefore had a weak effect 
on the dependent variable.35
 In regards to factors that impact the probability of persisting in ABS, being Asian,  
   
African American, and attending Institutions A, B, or C each had a negative impact. When other 
variables are controlled for, being Asian reduced the probability of persisting in ABS by a factor 
of 0.675; being African American reduced persisting in ABS by a factor of 0.508; attending 
Institution A reduced the likelihood of persisting in ABS by a factor of 0.523; attending 
                                               
35In binary logistic regression, odds ratios of 1.0 have no effect on the probability of the outcome of interest.  
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Institution B reduced the likelihood of persisting in ABS by a factor of 0.663; and attending 
Institution C lowered the likelihood of persisting in ABS by a factor of 0.309.  
  Only being female and attending Institution B, Institution C, or Institution D each 
increased the likelihood of persisting in HSP fields. Controlling for other variables, the following 
variables had positive impacts on the probability of persisting in HSP (odds ratios are provided 
in parentheses): being female (2.489); attending Institution B (9.511); attending Institution C 
(1.885); and attending Institution D (4.356).  
 In comparison, factors that were statistically significant for increasing or decreasing the 
odds of persisting in Non-STEM when other variables are controlled were being female 
(increased the odds by a factor of 0.881), being African American (increased the odds by a factor 
of 1.504), being Hispanic (increased the odds by a factor of 1.536), attending Institution A 
(decreased the odds by a factor of 0.842), and attending Institution D (increased the odds by a 
factor of 1.569).  
 Note that the same model fit the three STEM major field categories best, while a different 
model, which did not include residency status or SAT scores, fit the Non-STEM category better. 
This difference, although not surprising, can be interpreted as reinforcing the importance of 
academic preparation—particularly in the math fields—for persisting in the STEM fields. This 
finding also hints that residency status may be important to persistence in STEM.  
 Students who filed a FAFSA. Table D22 summarizes the logistic regression results for 
students who filed a FAFSA for the 1999–2000 academic year.36
                                               
36 The logistic regression models used for students who filed a FAFSA encountered redundancies in the design 
matrix due to including parental income ($80,001–$100,000). These variables were removed from the models.  
 Controlling for other variables, 
being female and being an in-state resident lowered the probability of persisting in PSCSME (by 
a factor of 0.660 and 0.496, respectively). For all students, a 100-point increase in a students’ 
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math SAT score, in relation to the average math SAT score of PSCSME, resulted in the 
probability of persisting in PSCSME increasing by a factor of 1.017. Again, while controlling for 
other variables, this effect is statistically significant but weak.  
 A different model was used for students who initially majored in ABS. The only variable 
that was statistically significant was being African American, which reduced the odds of 
persisting in ABS by a factor of 0.403, controlling for other variables.  
 The same model fit the data well for students who began college in HSP and in the Non-
STEM fields. Holding other variables constant, being female and a one-point increase in a 
student’s cumulative GPA increased the odds of persisting in HSP by factors of 3.057 and 2.321, 
respectively. Controlling for other factors, having parents with an income of $0–$40,000 and 
$40,001–$60,000 reduced the likelihood of persisting in HSP by factors of 0.583 and 0.447, 
compared to having parents with incomes of more than $100,000,. In addition, attending 
Institution A or Institution C reduced the odds of persisting in HSP by factors of 0.268 and 
0.463, respectively.  
 The following variables reduced the likelihood of persisting in the Non-STEM fields 
(odds ratios are provided in parentheses): being female (0.763), having parents with an income of 
$0–$40,000 (0.705), having parents with an income of $60,001–$80,000 (0.739), attending 
Institution A (0.566), or attending Institution B (0.553). A one-point increase in student’s 
cumulative GPA increased the probability of persisting in Non-STEM by a factor of 1.358, when 
controlling for other variables.   
 Female students. Next, logistic regression models were run on female students to 
examine possible differences between racial and ethnic groups of women (see Table D23). 
Recall that for all students, one model fit the three STEM field categories well, while another 
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model fit the Non-STEM fields well (see Table D23). In examining female students only, the 
same model fits across all four major field categories. Specifically, including residency status 
and SAT scores improved the model for female students in Non-STEM, but did not when all 
students were examined (see Table D21).  
 Interestingly, the only statistically significant variables across all initial major categories 
for women were the institutions that the students attended. Attending Institution B improved the 
odds of women persisting in PSCSME by a factor of 1.825. Attending Institution A and 
Institution C reduced the odds of women persisting in ABS by factors of 0.449 and 0.451, 
respectively. Attending Institution B, Institution C, and Institution D increased the likelihood of 
women persisting in HSP by factors of 6.213, 1.861, and 4.011, respectively. Finally, attending 
Institution B reduced the odds of women persisting in Non-STEM fields by a factor of 0.727, 
while attending Institution D increased the odds of women persisting in Non-STEM fields by a 
factor of 2.041.   
 In examining the probability of persisting in each major category, the finding that being 
an Asian woman, an African American woman, or a Hispanic woman is not statistically 
significantly different from being white is important to note. In addition, math SAT scores and 
residency status were non-significant for women’s persistence in PSCSME, whereas they were 
both significant when all students were considered in the analysis. These findings will be 
discussed in more detail in Chapter 5.  
 Female students who filed a FAFSA. Finally, logistic regression models were run for 
female students who had filed for a FAFSA for the 1999–2000 academic year.37
                                               
37 As a reminder, this analysis does not include students who attended Institution E, as information on parents' 
education was not provided.  
 Four different 
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models, one for each initial major category, are reported in Table D24.38
 Being African American and having married parents reduced the likelihood of persisting 
in ABS for females who filed for a FAFSA by factors of 0.323 and 0.523, respectively, all other 
variables held constant. Attending Institution A, Institution B, and Institution C reduced the 
likelihood of persisting in ABS for women who filed a FAFSA by factors of 0.495, 0.301, and 
0.236, respectively.  
 Of women who filed a 
FAFSA, being Hispanic increased the probability of persisting in PSCSME by a factor of 4.184, 
while being an in-state resident decreased the odds of persisting in PSCSME by a factor of 0.440, 
when controlling for other variables.  
 For women who filed a FAFSA and initially majored in HSP, having parents with an 
income of $40,001–$60,000 reduced the probability of persisting in this major by a factor of 
0.447, when all other variables are controlled. Attending Institution A also reduced the likelihood 
of persisting in HSP for women who filed a FAFSA, by a factor of 0.324. A one-point increase 
in a student’s cumulative GPA increased the odds of persisting in HSP by a factor of 2.198.  
 For women who filed a FAFSA, having parents with an income of $40,001–$60,000 
reduced the probability of persisting in Non-STEM majors by a factor of 0.678 while having 
parents with an income of $60,001–$80,000 reduced the odds by a factor of 0.639. In addition, 
attending Institution A and Institution B reduced the likelihood of persisting in Non-STEM by 
factors of 0.458 and 0.457, respectively.  
 
 
 
                                               
38 As with the logistic regressions run for all students, redundancies were found in the design matrix due to including 
parents’ income ($80,001–$100,000) in the models. These variables were thus removed.  
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Time-to-Degree 
A final area of inquiry examined differences in time-to-degree between the groups of interest in 
the study (see Tables D25 through D36). Due to the inclusion criteria of the students in the 
dataset, all students graduate by the end of the sixth year. This portion of the analysis begins with 
an overview of male and female students’ time-to-degree completion without regard to majors or 
persistence status (see Table D25). A higher percentage of women have completed their degrees 
in four academic years (64 percent versus 50 percent). By the end of the fifth academic year, 94 
percent of women and 95 percent of men have completed their degrees.  
 The information presented in Table D26 considers when male and female students 
graduated according to the major they obtained their degree in, regardless of whether or not they 
persisted in their original major. Of students who obtained a degree in PSCSME, a higher 
percentage of women than men completed their degrees within four years (53 percent versus 46 
percent, respectively). By the end of the fifth year, 95 percent of women and 91 percent of men 
had obtained their degrees in PSCSME. This indicates that an additional 42 percent of women 
and 45 percent of men completed their degrees in the fifth year of college. Of students who 
completed ABS degrees, a higher percentage of women obtained their degrees within four years 
as compared to men (66 percent versus 55 percent, respectively). An additional 28 percent of 
women and 37 percent of men completed their degree in the fifth academic year, totaling 94 
percent of women and 91 percent of men completing their degree by the end of the fifth 
academic year. A similar pattern is seen in HSP degree completers. Seventy percent of women 
completed their degree within four years, compared to 60 percent of men. By the end of the fifth 
academic year, 96 percent of women and 92 percent of men have completed their degree in HSP. 
Of Non-STEM degree completers, 64 percent of women completed their degrees within four 
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years, versus 50 percent of men. Ninety-five percent of women and 91 percent of men completed 
their degrees within five years. Chi-square tests were conducted to determine if students’ time-
to-degree differed by gender for each major field category. At an alpha level of .05, these tests 
were found to be statistically significant in each major field category: PSCSME x2(5, N = 3,719) 
= 16.25, p < .05; ABS x2 (5, N = 1,530) = 29.16, p < .05; HSP x2(5, N = 1,561) = 29.79, p < .05; 
and Non-STEM x2(5, N = 10,040) = 249, p < .05. 
Time-to-degree for male and female students who persisted. The data also allowed for 
examination of students’ time-to-degree for those who persisted in their original major field. 
Table D27 presents the results for male and female students by initial major. Of students who 
persisted in PSCSME, a slightly higher percentage of women graduated within four years as 
compared to men (52 percent versus 48 percent, respectively). Within five years of matriculation, 
94 percent of women and 92 percent of men had completed a degree in PSCSME. Within ABS, 
75 percent of women and 69 percent of men completed their degree within four years. 
Approximately the same percentage—96—of men and women graduated by the end of their fifth 
year. Of students who persisted in HSP, 74 percent of women and 63 percent of men graduated 
within four years. An additional 22 percent of women and 30 percent of men completed their 
degree in the fifth year. Of Non-STEM students, 66 percent of women and 54 percent of men 
graduated within four years of study. An additional 28 percent of women and 38 percent of men 
completed a degree in the Non-STEM fields within five years. Differences in men's and 
women’s time-to-degree of those who persist by major was only statistically significant for 
students in the Non-STEM field, x2(5, N = 8,029) = 144.97, p < .05.  
Women who persisted in PSCSME. Table D28 provides the results of when women who 
persisted in PSCSME graduated, by racial and ethnic group. Of these women, 64 percent of 
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Asians, 34 percent of African Americans, 38 percent of Hispanics, and 48 percent of whites 
completed their degree within four years. By the end of the fifth year, 95 percent of Asians, 87 
percent of African Americans, 93 percent of Hispanics, and 92 percent of whites graduated with 
a degree in PSCSME. Differences in women's time-to-degree of those who persist within 
PSCSME by race and ethnicity were statistically significant, x2(20, N = 3,306) = 106.41, p < .05.  
Women who persisted in ABS. Next, time-to-degree was examined for women who 
persisted in ABS majors (see Table D29). The majority of women in each racial and ethnic 
category who persisted in ABS fields completed their degree within four years (70 percent of 
Asian women, 63 percent of African American women, 50 percent of Hispanic women, and 73 
percent of white women). By the end of their fifth year, 95 percent of Asian women, 100 percent 
of African American women, 96 percent of Hispanic women, and 96 percent of white women 
had obtained a degree in ABS. Differences in women’s time-to-degree of those who persist 
within ABS by racial and ethnic groups was not statistically significant.  
Women who persisted in HSP. Table D30 summarizes the time-to-degree for women 
who persisted in HSP fields. Forty-four percent of Asian women, 59 percent of African 
American women, 75 percent of Hispanic women, and 75 percent of white women completed 
their degrees within four years. Within five years, 94 percent of Asian women, 97 percent of 
African American women, 100 percent of Hispanic women, and 96 percent of white women had 
obtained their HSP degrees. The chi-square test shows that differences in women’s time-to-
degree of those who persist within HSP by race and ethnicity are statistically significant, x2(20, N 
= 682) = 35.83, p < .05.  
 Women who persisted in Non-STEM fields. Table D31 summarizes when women who 
persisted in Non-STEM fields graduated. Of women who persisted in these fields, 59 percent of 
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Asians, 46 percent of African Americans, 53 percent of Hispanics, and 62 percent of whites 
completed their degrees within four years. By the end of the fifth year, 96 percent of Asian 
women, 90 percent of African American women, 93 percent of Hispanic women, and 94 percent 
of white women completed their degrees in Non-STEM fields. Differences by race and ethnicity 
of women’s time-to-degree who persisted in the Non-STEM fields was statistically significant, 
x2(20, N = 8,029) = 76.84, p < .05.  
When comparing racial and ethnic differences between women, a higher percentage of 
Asian and white women graduated in four years across each of the major field categories—
regardless of whether or not women persisted in their original major—except among women 
who persisted in HSP. The percentage of Hispanic women who graduated in four years in HSP 
was higher than the four-year completion rates of both Asian and African American women, and 
was equal to that of white women. It is important to keep in mind that the range of differences in 
percentages of women graduating within four years by race/ethnicity varies by major field 
category. For instance, a higher percentage of African American and Hispanic women completed 
their degrees within four years in the ABS and HSP major field categories, with a smaller or no 
difference existing between these women and their Asian and white counterparts.  
Time-to-degree for male and female students who switched majors. The next set of 
tables examines time-to-degree for students who switched majors. Table D32 compares the time-
to-degree for men and women who switched majors, organized by their initial major. A higher 
percentage of women, despite switching majors, graduated within four years of study as 
compared to men (59 percent versus 37 percent in PSCSME, 64 percent versus 48 percent in 
ABS, 48 percent versus 39 percent in HSP, and 60 percent versus 40 percent in the Non-STEM 
fields, respectively). The differences between men and women’s time-to-degree within each 
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major field category were found to be statistically significant, PSCSME x2(4, N = 1,230) = 67.61, 
p < .05; ABS x2 (4, N = 805) = 22.73, p < .05; HSP x2(54 N = 692) = 11.91, p < .05; and Non-
STEM x2(4, N = 1,124) = 72.57, p < .05.  
Differences in time-to-degree for students who switched majors were then compared for 
women of different racial and ethnic backgrounds. The results are reported in Tables D33 
through D36, beginning with women who switched to another major after initially majoring in 
PSCSME.  
Women who switched from PSCSME. Of women who began college majoring in 
PSCSME, a higher percentage of Asian women graduated within four years as compared to 
women of other racial and ethic backgrounds, illustrated in Table D33 (51 percent of Asians, 43 
percent of African Americans, 34 percent of Hispanics, and 43 percent of whites). Ninety-two 
percent of Asian women, 80 percent of African American women, 86 percent of Hispanic 
women, and 87 percent of white women completed their degree within five years. The chi-square 
test revealed that the differences between women of different racial and ethnic groups switching 
from PSCSME were statistically significant, x2(4, N = 1,230) = 47.75, p < .05.  
Women who switched from ABS. Table D34 summarizes the time-to-degree for women 
who initially majored in ABS. A higher percentage of Hispanic women graduated within four 
years as compared to women of other racial and ethnic groups (71 percent of Hispanic women 
versus 59 percent of Asian women, 45 percent of African American women, and 57 percent of 
white women). Nearly half of African American women who started in ABS but completed their 
degrees in another field graduated after five years of study. Eighty-six percent of Asian women, 
100 percent of Hispanic women, and 93 percent of white women graduated after five years of 
college. The chi-square test revealed that these differences were not statistically significant.   
 
 
100 
 
Women who switched from HSP. A greater portion of Hispanic women and white 
women who began their college careers in HSP graduated within four years, as compared to their 
Asian and African American counterparts (see Table D35). Approximately 53 percent of 
Hispanic women graduated within four years, as compared to 44 percent of Asian women, 27 
percent of African American women, and 48 percent of white women. Within five years, 88 
percent of Asian women, 84 percent of African American women, 87 percent of Hispanic 
women, and 90 percent of white women obtained their degrees in HSP. These differences were 
found to not be statistically significant.  
  Women who switched from Non-STEM. Finally, time-to-degree for women who began 
in Non-STEM majors but switched to new majors were compared by racial and ethnic group (see 
Table D36). Fifty-three percent of Asian women, 52 percent of African American women, and 
53 percent of white women who began in Non-STEM but switched majors graduated in four 
years. Of Hispanic women, 38 percent of those who switched from initially majoring in Non-
STEM graduated within four years. However, 80 percent of Hispanic women who switched from 
a Non-STEM major graduated within five years, as compared to 86 percent of Asian women, 79 
percent of African American women, and 91 percent of white women. These differences were 
not statistically significant according to the chi-square results. 
 
Summary of Findings 
 The findings of the analysis presented here provide evidence of women’s participation 
and success in the STEM fields, particularly when using a broad definition of STEM. These 
findings challenge notions of underrepresentation and failure in the STEM fields by women and 
by non-Asian minority women. The preceding analysis is an account of women’s success across 
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multiple types of scientific-fields. In addition, evidence of women’s departure from high-profile, 
high-status STEM fields, such as computer science and engineering, suggests that these 
movements are not inherently negative or inherently a loss to science. The findings here also 
suggest that the story of STEM participation is highly dependent on how one defines STEM and 
how persistence in these fields is measured. Chapter 5 offers a more detailed discussion of the 
implications of these findings, as well as an overview of the limitations of the study and 
directions for future research.  
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Chapter 5 
 
Discussion and Conclusion 
 
 The purpose of this study has been to investigate undergraduate students’ persistence in 
and switching of majors, with particular attention given to women’s participation in the STEM 
fields. The design of the study has sought to address a number of the existing limitations in the 
literature on college students’ majors and major field persistence by using broad and explicit 
definitions of STEM and of persistence, investigating “where students go” when they switch 
majors, and examining differences among racial and ethnic groups of women. This chapter 
begins with a discussion of the study’s findings and implications, followed by a summary of the 
limitations of the study. The chapter concludes with suggestions for future research.  
 
Discussion and Implications of the Findings 
 Interpretations and implications of the findings from each research question are discussed 
in the following section, beginning with the first question which compared students’ entrance 
into their initial majors. 
Declaring the initial major. The patterns by which students initially declared their 
college major stresses the importance of specifically defining what disciplines are included in the 
STEM fields. The results also provide empirical evidence of higher than expected rates of 
women’s participation in the STEM fields. If only the high-status, high-profile fields—in this 
study categorized as the PSCSME fields—are considered as STEM fields, the participation gap 
between men and women in the dataset was approximately 30 percentage points (41.8 percent of 
men versus 11.5 percent of women). However, if other science-based fields—classified here as 
the ABS and HSP fields—are combined to create a broader and more nuanced definition of the 
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STEM fields, the gender gap in STEM participation is reduced to 16.5 percentage points (53.8 
percent of men versus 37.3 percent of women). By adding ABS and HSP to the definition of 
"STEM," men gained an additional 12 percentage points in terms of participation (41.8 percent 
to 53.8 percent), compared to the 25.8 percentage points that women gained (11.5 percent to 37.3 
percent). In other words, expanding the definition of STEM results in an increase in women’s 
representation in STEM fields and also reduces the gender gap in STEM participation.  
The tendency to use a constricted definition of "STEM," which typically focuses on the 
high-status, high-profile STEM fields, has resulted in a body of research that emphasizes 
women’s and minorities’ underrepresentation. Disciplines such as computer science and 
engineering that are characterized as being high-tech, high-profile, and high-status fields can also 
be characterized as being dominated by men. By focusing on these types of majors and the 
disciplines which appear to be most valued by society, education researchers have largely 
neglected the fields women are participating in and at a high success rate. Excluding the types of 
science majors that women are concentrated in, such as the Health Sciences, not only distorts 
measurements of STEM participation, but also overlooks women's scientific abilities and 
contributions. The patterns of investigation found in the current literature, undermined by a 
methodological weakness of poorly or undefined STEM fields, have resulted in a narrative that 
perpetuates notions of women’s and minorities’ underrepresentation in the sciences. This raises 
the question if research on the topic of STEM participation has thus far been gender biased in the 
fields that have been focused on, rather than recognizing the diverse set of science-based 
disciplines that “historically underrepresented” students are more likely to participate in.  
The findings challenge notions of women’s lower levels of participation in the STEM 
fields, particularly given the high rates of participation women have in fields such as HSP, as 
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evidenced in this study. By using a broad definition of "STEM," which provides evidence of 
women’s participation and representation in the STEM fields, the underlying message that too 
few women are in science is disputed. This finding has important implications in terms of 
changing and reframing the underlying message that women “don’t do science,” arguing for 
researchers to reconsider what fields should be included in the definition of "STEM." Perhaps 
most importantly, the conversation about who does and does not "do science" changes if other 
science-based fields are included in the discussion.   
Broadening the definition of the STEM fields also allows for a closer, more nuanced 
examination of students’ participation in these fields. Although Asian women have the highest 
levels of participation in the high-status, high-profile STEM fields, the narrative changes when 
other STEM fields are included. Expanding the types of fields included in the definition of 
STEM increased overall participation rates of women across all race and ethnicity categories 
who initially entered these fields, but did not change the differences in participation between 
racial and ethnic groups. Asian women’s STEM participation increased from 16.9 percent in 
PSCSME to 44.9 percent across all three STEM categories. Similarly, African American 
women’s initial declaration of STEM majors increased to 32.2 percent (from 9.8 percent), 
Hispanic women to 34.6 percent (from 10.8 percent), and white women to 37.2 percent (from 
11.3 percent). These figures demonstrate that many women, across each racial and ethnic 
category, do initially declare majors in the sciences, and while Asian women are most likely to 
enter these fields, Hispanic, African American, and white women also have a higher participation 
rate than if only high-status, high-profile STEM majors are examined. Repeated messages of 
women and non-Asian minorities’ historic underrepresentation in the STEM fields are 
questioned given these results. In addition, the findings here support those of Song and Glick 
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(2004) that Asian women were more likely than other women to major in the STEM fields, 
which may be because Asian women “appear to be less affected by the gender-based segregation 
of college majors” (p. 1413) as compared to other groups of women. 
Major field persistence. The second research question investigated students’ persistence 
in their initial major field category. Overall, the majority of women persisted in each of the 
STEM categories and a higher percentage of women than men persisted in ABS and HSP. This 
finding indicates that when considering a broad definition of "STEM," most women do remain in 
and complete degrees in the STEM fields. Issues of access and recruitment to the STEM fields at 
matriculation to college may explain lower levels of participation in select STEM fields, such as 
engineering. Specifically investigating how more women can be encouraged to initially pursue 
these fields continues to be an important area of research.  
Women out-persisted men by a large margin in HSP. One possible explanation is that 
men use majors in HSP as avenues to other majors that they were not initially academically 
qualified to be admitted to, such as engineering and computer science. This possibility is further 
discussed in the next section which investigates which major categories students switch to upon 
leaving their initial major. Another possibility of the men’s lower rates of persistence in HSP is 
due to changes of interest, motivations, or other factors that are unavailable in this dataset. An 
unexpected topic for future research is to investigate if intervention programs could be used to 
increase the retention of men in HSP.   
African American women were found to have the lowest levels of persistence of women 
who began in PSCSME, as well as in ABS. This may be reflective of the high school origins of 
African American students or due to a change in motivations and interest in science. For 
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example, African American women may be drawn to other majors that are perceived to be more 
suitable in enabling them to serve their community and others (Bowen et al., 2005). 
Hispanic women persisted at approximately the same rates as white women in PSCSME 
and ABS, and both persisted at higher rates than Asian women and African American women. 
Asian, African American, and Hispanic women persisted at similar rates in HSP. Using only the 
high-status, high-profile majors, larger differences exist in the persistence rates of women by 
racial and ethnic categories, reinforcing the notion that Asian women persist at higher rates than 
other groups of women in the STEM fields. Although these differences were found to be 
statistically non-significant, the descriptive results indicate that overall, African American and 
Hispanic women persist at similar levels as Asian and white women when a broad definition of 
STEM is used. This reinforces the call for explicitly defining what fields are included in studies 
on STEM participation, as including multiple types of science-based fields changes the narrative 
of non-Asian minority women’s participation and success in the sciences.  
Switching major fields. The results of the third research question on the majors students 
switch to offers a counter-narrative to the notion that students, particularly women, who leave 
high-status, high-profile STEM fields depart science all together. This area of investigation also 
fills a deficit in the literature of determining where students go when they leave a STEM major 
(Frehill, 1997). In this cohort of students, women were particularly resilient in terms of staying 
within science. Of students who left PSCSME, a higher percentage of women entered other 
science-based disciplines as compared to men. In addition, a higher percentage of women began 
college in ABS and completed a degree in HSP, offering additional evidence of women changing 
majors but remaining within the STEM fields. However, a higher percentage of men who 
switched from ABS entered PSCSME. Related to men’s lower levels of persistence in HSP, men 
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may use other science fields as an alternative avenue by which to enter majors such as PSCSME, 
rather than entering these types of fields as first-year students. A closer examination of academic 
qualifications (as measured by SAT scores), academic performance (as measured by GPA), and 
timing of when students switched majors would begin to dissect possible reasons for this trend. 
Additionally, knowing students' motivations for switching majors and factors such as intra-
institutional transfer policies regarding change of majors would offer additional insight into the 
reasons for what may be intentional movements between majors.   
Additional analysis pertaining to this particular research question investigated students’ 
cumulative GPA at the end of their studies according to their persistence status. Regardless of 
persistence status, women had higher cumulative GPAs at the end of their studies. For students 
who switched majors, this finding suggests that women left their initial major for reasons other 
than academic performance, particularly for those who left PSCSME. Women also had higher 
cumulative GPAs across each major field category they persisted in, including PSCSME. Of 
students who succeed in persisting in the sciences, women performed better academically than 
men who remained in STEM. However, men’s cumulative GPA exceeded that of women’s in 
three particular first and last major combinations (i.e., ABS to HSP, HSP to PSCSME, and HSP 
to ABS). This suggests that men may also be switching between different types of science majors 
due to reasons other than academic performance.39
Switching majors for women, by racial and ethnic group. Differences were found 
between racial and ethnic groups of women in terms of the majors they switched to upon leaving 
their initial major. For instance, a greater percentage of African American and Hispanic women 
 
                                               
39 While these results provide interesting comparisons, it is important to remember that the students included in this 
dataset completed their bachelor’s degrees. This inclusion criterion restricts the distribution of students’ cumulative 
GPA. While differences in students’ cumulative GPA were found to be statistically significant, these findings should 
be interpreted with caution given the kinds of students featured in the study.  
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who started in ABS switched to HSP as compared to Asian and white women. These decisions 
may represent changing interests, motivations, and career orientations or their desire to serve 
others (Bowen et al., 2005). While the underlying causes of these changes are unknown, the 
finding has two important implications. The first implication is that aggregating data on women’s 
behaviors and decisions related to their college major would have concealed important 
differences between racial and ethnic groups of women. Had the majors of all women who 
switched been simply compared to those of men, a slightly different and incomplete 
understanding of women’s movements between college majors would have resulted.  
The second implication is that simply knowing that students leave certain majors is a 
truncated view of students’ behaviors in relation to college major choices. By following where 
students go upon leaving a STEM major, more information is known about whether or not 
students fully abandon the sciences. Investigating students’ movements between different types 
of science-based fields, as well as in comparison to Non-STEM fields, allows for determining the 
extent to which students may retain an interest in science. Comparing multiple types of majors 
within a broad definition of the STEM fields and mapping out students’ movements between 
majors challenges notions that leaving PSCSME is a loss to science, or that such a transition 
indicates a student is leaving the STEM pipeline. Contrary to expectations based on notions of 
women’s underrepresentation in the STEM fields, the results here demonstrate that many women 
do remain in other types of science-based majors upon switching from high-status, high-profile 
majors such as engineering. 
When students switch majors. Comparisons between when men and women switched 
majors revealed that women tended to change majors earlier than men, regardless of their initial 
major. Among these women, African American women tended to switch majors later than their 
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Asian, Hispanic, and white counterparts. Additional data analysis may help explain these 
differences, including the number of credit hours students took per semester and students’ 
financial aid information.  
These findings have implications for when program interventions are offered and 
available to students. On the one hand, the results suggest that programs offered on the campuses 
examined in this research between the academic years of 1999–2000 and 2004–2005 may 
already be successful—many students entered and persisted in the STEM fields. On the other 
hand, ongoing programs or programs targeted toward students in their later years of college may 
have resulted in more students being retained in the STEM fields. In addition, these results 
support the call for tailored evaluations of programs to examine not only what programs work 
best and for which students (Clewell & Campbell, 2002), but also when these programs should 
be offered. Of course it is possible and likely that some students switch majors based on 
changing interests, motivations, or other reasons, and that intervention programs may not have an 
impact on the decision to switch majors.  
 Understanding when students switch majors also has implications for how persistence in 
major fields is defined and measured. Utilizing a first-to-second year measurement of persistence 
(Tan, 2002) results in a truncated understanding of when students change majors. Using a 
definition that emphasizes long-term persistence—particularly as more students take longer than 
four years to complete their degrees—can capture movements that may otherwise be overlooked. 
Survival rate studies, often used in econometric studies of education, should look at a minimum 
of six-years following matriculation in order to offer better information for program and policy 
makers.   
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 Factors that influence major field persistence. The binary logistic regression results 
revealed some interesting findings. In terms of the models reported for all students, the three 
STEM categories were similar enough that the same model was used for each major field 
category (i.e., PSCSME; ABS; HSP), while a second model was used to fit students in the Non-
STEM fields. Fitting the same model across the three STEM categories provides support that 
these are similar types of majors, the students enrolled in these majors are of a similar profile, 
and these three major field categories are distinguishable from Non-STEM majors. However, for 
students who filed a FAFSA, three different models were used to fit PSCSME, ABS, and HSP 
major field categories. In addition, the same model that fit the data well for HSP students also fit 
the data well for Non-STEM students, indicating that students in HSP and Non-STEM may share 
certain similarities. Furthermore, four distinct models were used for female students who filed a 
FAFSA, suggesting that the students who enrolled in each of the four types of major field 
categories may be even more distinguishable from one another.  
 Turning now to the implications of the statistically significant variables found within the 
model, being female was found to have a significant and negative impact on the odds of 
persisting in PSCSME, but have a significant and positive impact on the odds of persisting in 
HSP. This finding reinforces the importance of including multiple STEM fields in investigations 
on STEM participation and persistence. If HSP had not been included in the definition of 
"STEM," the results would have given the false impression that being female only has a negative 
impact on the odds of persisting in the STEM fields. The positive effect of being female on 
persistence in HSP may reflect the emphasis women place on nurturing and caring for others 
when selecting a college major (Turner & Bowen, 1999). 
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The findings also indicate that there were important contextual influences on the odds of 
persisting across multiple types of majors and for multiple groups of interest. The university that 
students attended mattered in terms of major field persistence and patterns of persistence are not 
entirely explained by individual-level factors. When female students were examined, the only 
significant factors affecting persistence were the universities that students attended. This finding 
provides solid evidence that location and environment matter, which can influence women’s 
persistence both positively and negatively. Further investigation into these universities is 
warranted to determine what aspects of the university matter most, including climate, 
characteristics of the faculty and staff, and interventions offered. The positive effects of some 
universities may be enough to cancel out or reduce any negative effects associated with being 
female.  
For all students and for students who filed a FAFSA and for female students who filed a 
FAFSA, being an in-state resident had a negative impact on persisting in PSCSME. This finding 
suggests that highly-qualified out-of-state students who enrolled in PSCSME majors at the five 
universities were willing to pay a higher premium in the form of out-of-state tuition to obtain a 
degree from these schools. These out-of-state students may also have been better prepared 
academically and therefore more motivated to persist in these fields as compared to in-state 
students. Further investigation into students’ financial aid may reveal that out-of-state students 
with high levels of academic preparation, as evidenced by their SAT scores, may have lower 
actual costs of attendance after financial aid is taken into account. In other words, financial aid 
may have been used by universities as a mechanism to recruit high-ability students. Future 
studies using this dataset can investigate the impact of financial aid on students’ persistence in 
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the STEM fields, including if receiving financial aid explains the finding that being Hispanic had 
a positive impact on the odds of persisting in PSCSME. 
On a related note, having parents with lower levels of parental income reduced the odds 
of persisting in HSP and Non-STEM fields. Tracking students’ movement by socioeconomic 
status may reveal what majors lower-income students switched to. If students switched to majors 
with higher potential career earnings, there may be evidence that students are transitioned into 
fields that may yield to them greater social mobility in their future careers.  
Non-significant factors also provide researchers with useful information by providing 
evidence that these factors do not significantly impact a certain outcome. For instance, in the 
models run for female students, the effects of being Asian, African American, and Hispanic were 
not statistically significant on the odds of major field persistence. In other words, being an 
African American woman, a Hispanic woman, or an Asian woman is not significantly different 
from being a white woman, at least statistically speaking, when factors that influence the odds of 
persisting in majors are investigated. This finding suggests that the use of aggregated data may 
be acceptable for running logistic regressions on the odds of women persisting in majors, but 
caution should be used given the findings of the descriptive statistics, which raised awareness to 
important differences between racial and ethnic groups of women. Qualitative inquiries can 
investigate why women of different racial and ethnic backgrounds persist in each type of major 
as well as aid in determining if these reasons are different.   
Time-to-degree. Analysis on students’ time-to-degree finds that regardless of whether or 
not students persisted in their original major, and regardless of which major field category 
students obtained their degrees in, a higher percentage of women completed their degrees faster 
than did men. Students who obtain their degrees in less time can enter graduate school or enter 
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the workforce earlier than students who take longer to complete their degrees. These students 
also have lower financial and opportunity costs. In this case, a higher percentage of women had 
the advantage of graduating from college earlier than men, allowing them to enter graduate 
school or begin their careers earlier than men. If students enter the workforce immediately after 
college, a larger percentage of women than men can begin their careers and will begin earning 
salaries. This one- to two-year advantage may have further implications in terms of financial 
choices and stability, such as purchasing a car, purchasing a home, or paying down debt such as 
student loans.   
While these results are encouraging in light of women’s success, particularly in science-
based fields, the importance of examining time-to-degree beyond the traditional four years is 
apparent in the findings. For example, of African American women who persisted in PSCSME, 
only 34 percent graduated within four years, yet 87 percent graduated within five years. Across 
each category of majors, African American women took longer to complete their degrees, which 
may be reflective of the types of high schools they attended and fewer educational opportunities 
prior to college.  
Trusty (2002) found that Hispanic and African American women who persisted in math 
and science majors took longer to complete their degree. The same was true for Hispanic and 
African American women in this study, except for Hispanic women who persisted in HSP. In 
these fields, Hispanic women completed their degrees as fast as white women, and faster than 
Asian and African American women. This finding reiterates the importance of explicitly defining 
the STEM fields being used in research on students’ participation in the STEM fields, as well as 
the importance of disaggregating outcomes of women by racial and ethnic groups.  
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Smith (2008) observed that higher education researchers have not fully investigated the 
costs of “program shopping” (p. 136) or switching majors on students’ time-to-degree. 
Intuitively speaking, switching majors could result in accruing extra financial and opportunity 
costs in terms of enrolling in additional semesters of college. For instance, of women who 
persisted in HSP, 74 percent graduate within four years as compared to 48 percent who switched 
from HSP to another major. However, the vast majority of all students—male or female, 
regardless of race or ethnicity—complete their degrees within five years. The consequences of 
delayed entry into students’ final major may have some cost- and time-related consequences, but 
these do not appear to be burdensome for the students included in the dataset. Given that of 
students who filed a FAFSA, the majority of their parents have at least a college education and 
approximately 20 percent have parental incomes of more than $100,000, this finding may 
partially be explained by the privileged backgrounds of students included in the dataset. 
Public land-grant universities. Although the study did not specifically research the 
impact of public land-grant universities on women’s participation in the STEM fields, five such 
universities served as the backdrop for the students featured in the dataset. Related to the 
importance of contextual factors found in the logistic regression results, the setting in which 
students attended college and pursued various majors should not be overlooked in this study. As 
mentioned in Chapter 2, public land-grant universities have a unique mission and history of 
educating the nation’s scientists as well as expanding access to higher education. Investigating 
the reasons for women’s success in the STEM fields may benefit from a brief examination of 
where they attended college. Due to the number of programs offered and discipline-specific 
specializations, public land-grant universities offer a number of specialized science majors, 
which may explain in part women’s choice of these majors as well as their success in these 
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majors. Public land-grant universities may also allocate resources to programs that increase the 
recruitment and retention of women and non-Asian minorities to science-based disciplines, 
including the presence of support staff who positively influence students’ major field decisions. 
Research that replicates this study on a national scale using data from different types of colleges 
and universities could further investigate the extent to which public land-grant universities assist 
students, particularly women, in pursuing and succeeding in STEM majors as compared to other 
types of institutions.  
 
Limitations 
 Despite attempting to address some of the limitations in the existing body of research on 
women and minorities in the STEM fields, this study encountered a number of its own 
limitations. These limitations are primarily related to the dataset, the methodology, and the 
implications of the study.  
Data. The data used in this study was gathered by each of the five universities at the 
request of the Mellon Foundation, to be utilized for analytical purposes other than those 
presented here. To this effect, and typical for studies based on secondary data, the variables 
included in the dataset were less than ideal in terms of investigating factors that impact 
participation in the STEM fields. A number of variables were missing from some of the 
universities included in the dataset. If a variable was not reported by a university, and could not 
be computed using other pieces of information reported, it was not used in the dataset. For 
example, high school GPA was not reported by all five schools. However, mother’s educational 
attainment and father’s educational attainment, which were not reported for students who 
attended Institution E, were the exception to this rule. The value of including parent’s 
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educational attainment, as an indication of students’ socioeconomic status, outweighed excluding 
it from the dataset. As a result, parental education is known for only four of the five universities. 
In addition, the logistic regression models that were run on students who filed a FAFSA were run 
only on students who attended Institutions A, B, C, and D.  
Regarding students’ background, data on parental factors, such as marital status or 
income levels, were only available for students who filed a FAFSA. Even for these students, the 
data on parental information was limited and did not contain important information such as 
mother’s and father’s work status or occupation—factors that have been shown to influence 
decisions to major in STEM. Information was not available on students' household structures, 
meaning whether students grew up in a single or two-parent home. This is another factor that has 
shown to have influence on choice of STEM majors (Staniec, 2004).  
Other pre-college and college information that may have impacted decisions related to 
students’ major was limited. For instance, although identified as an important factor in the 
literature, the dataset contained no information on students’ interests and attitudes towards 
science. In addition, high school transcripts were unavailable, resulting in a narrow view of 
academic performance and preparation for college and for majoring in the STEM fields. The data 
also lacked information on what intervention programs were available to students and which 
programs students participated in, which may have impacted their decisions to declare a specific 
major, persist in a major, switch to a new major, or complete a degree.  
 Finally, the dataset follows a single cohort of students for a limited period of time—from 
1999–2005. Observations end for students when they complete their bachelor’s degree. 40
                                               
40 One institution provided data for students who completed a bachelor’s degree and enrolled in a graduate or 
professional degree program at the same institution. However, these students were removed from the dataset.  
  
Information is not known on students’ graduate or professional degree enrollments or outcomes 
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or on their entrance into the workforce. This limitation is of particular concern. Given that the 
findings in this study emphasize women’s success in the STEM fields, it is unknown if the 
students went on to pursue graduate or professional degrees in the STEM fields or if they entered 
the STEM workforce. So while students appear to be successful at the undergraduate level, it is 
not known if they continued in the STEM pipeline after completing a bachelor’s degree.   
Econometric studies of education often account for self-selection bias by utilizing the 
Heckman approach in quantitative research (Heckman, 1979), a method that could be adopted by 
sociologists. The Heckman approach is a statistical method that adjusts the regression 
coefficients, thereby reducing the self-selection bias present in a non-random sample. Self-
selection exists in this study in a number of ways. The data are comprised only of students who 
attended these universities and do not include data on students who applied or who were 
admitted but did not enroll. In addition, students self-select into specific majors based on their 
interests, attitudes, motivations, and orientations to future careers; all of which are unobserved in 
the dataset. Given that the data is a non-randomly selected sample of the population41
Methodology. The inclusion criteria used in this study excluded students who dropped 
out, transferred out, stopped out, or simply did not finish their degree at the original institution of 
 as well as 
the presence of multiple types of self-selection in this study, the effects of the regression 
coefficients may be biased upward or downward (Heckman, 1979). Unfortunately, the type of 
data used in this study does not lend itself to applying the Heckman approach. However, 
examination of techniques common to other disciplines, such as the Heckman approach, could 
potentially aid sociologists in expanding the tools available to research issues pertaining to 
underrepresentation. 
                                               
41 Although the data is a census of students who entered the five universities in fall 1999, it is a non-randomly 
selected sample of a larger population of college students.  
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matriculation by the end of the 2004–2005 academic year. While this decision resulted in 27 
percent of all students who enrolled in the fall of 1999 at the five campuses to be removed from 
the analysis, the purpose of the study was to examine persistence—including degree 
completion—in major fields.  
As a reminder, this study's definition of persistence is driven, in part, by the assumption 
that an individual cannot continue in the STEM pipeline to advance degree programs or to the 
workforce without completing a bachelor’s degree in a STEM field. Another major goal of the 
study was to examine the patterns of behavior related to choice of major field for students who 
completed their degrees. Other research objectives may warrant including other types of students 
in the dataset, but given the definition of persistence used in the study as well as the fact that the 
majority of students who matriculated to these five universities in the fall of 1999 completed 
their degrees, the criterion is appropriate for the research objectives of this study. Due to the 
inability to distinguish between students who drop out, stop out, transfer out, or take longer than 
six years to complete a degree, including these students into a future study will present another 
set of limitations.42
The first and last major a student declared were used to examine major field persistence. 
The study did not take into account if a student switched majors more than once. In addition, the 
structure of the major field variables, which used students' majors as of the fall semester of each 
academic year, did not distinguish between movements that happened in the fall, spring, or 
summer semesters. Finally, movements or changes of majors between the four major field 
categories were examined, but movements within each category were not. It is likely that a 
  
                                               
42 Specifically, students who dropped out, stopped out, or transferred out cannot be distinguished from one another 
in the dataset.  
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number of students remained within a category such as PSCSME, but did switch from one major 
to another.   
 Implications. The findings from this study were not intended to be generalized given that 
the results are based on a single cohort of students who matriculated to five public land-grant 
universities. The set of universities featured in the database are not intended to serve as a 
national representation of even public four-year universities, nor are the students featured in the 
database intended to represent the college-student norm or college students at public land-grant 
universities. The results serve as a snapshot in time, particularly as the students in the dataset 
entered college in 1999—now a full decade ago.  
Despite this limitation, the study still offers implications in terms of the importance of 
definitions of the STEM fields and major field persistence. In addition, the results provide 
evidence that a more comprehensive and broad definition of STEM can be used to interpret data 
on STEM participation more accurately. Replicating the study using national data, which is 
planned in future research, will test if the results are generalizable or if the findings presented 
here are unique to the students who attended college from 1999–2005 at the five universities 
included in this study. A number of these limitations identified here can be addressed in future 
research projects, which is discussed in the next section.  
 
Future Research 
A review of the current literature concludes that although great improvements have been 
made in women’s and minorities’ participation in the STEM fields over the last few decades, 
further research must be conducted to identify additional factors that may influence a student’s 
major choice; how these choices differ across gender, racial, and ethnic lines; and what changes 
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can be made through intervention programs and policies to improve women’s and minorities’ 
participation in the STEM fields (Oakes, 1990; Stake & Mares, 2001; Seymour, 2001; St. John et 
al., 2004). In general, research should continue to examine issues of representation for women 
and minorities throughout the STEM pipeline to obtain a comprehensive understanding of the 
factors that contribute to explanations of participation, identify barriers or facilitators to entering 
these fields, and design interventions that can address identified problems. More specifically, 
Clewell and Campbell (2002) remind researchers that “we must not only look backward to pre-
K–12 experiences and influences but also forward to undergraduate and graduate education in 
S&E as well as to working conditions in both industry and academe for female scientists and 
engineers” (p. 278). Seymour (2001) calls for coordinated reform that must occur in K–12 and 
higher education in an effort to expand access to the sciences for minority students. Within 
elementary and secondary education, additional research needs to be conducted on the learning 
processes of students, specifically in regards to how students solve math and science problems 
and what differences in their approaches may exist between groups (Clewell & Campbell, 2002). 
Equally important will be investigations of student learning that occurs outside formal education 
settings and “how experiences outside of the classroom may affect girls’ and boys’ affinity for 
science, and more specifically, different types of science” (Clewell & Campbell, 2002, p. 271).  
 The design and results of this study lend itself to additional avenues of research. This 
study is one component of a larger research project that is using mixed methods to investigate 
underrepresented undergraduates at large public research universities. The larger project focuses 
on women, non-Asian minorities, low-income students, and students with disabilities in the 
STEM fields. This research project will use data on the 1999 cohort of students from eight public 
universities to conduct further quantitative analyses. The project also involves new data 
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collection at ten public universities to investigate the impact of intervention programs designed 
to increase the number of underrepresented students recruited and retained in the STEM fields. 
Interviews with program directors and administrators are expected to shed light on the design, 
support, and delivery of these programs. Currently enrolled college students will be surveyed to 
assess how participating in such programs impacts various collegiate outcomes, including 
entrance into and persistence in the STEM fields. In addition, students’ interests, motivations, 
education, and career goals will be explored to determine how these factors impact decisions 
related to their major. Based on the findings of African American women’s lower levels of 
persistence in PSCSME, these women’s motivations for choosing new majors can be 
investigated further with survey data, including the types of majors they perceive as enabling 
them to help and serve others.  
The structure of the student survey will also allow for comparisons to be made to 
undergraduate students who have received the Gates Millennium Scholarship (GMS). The GMS 
Program, which features national longitudinal data on high-ability, low-income minority students 
offers a unique opportunity to examine the factors that influence choice of STEM major and 
persistence in these fields in undergraduate and graduate programs as well as the workforce. 
Additionally, it enables researchers to investigate the impact of financial aid. Initial studies of 
GMS reveal that the program aids low-income minority students in persisting in the STEM fields 
(Trent, Gong, & George-Jackson, 2008). Collectively, the multiple components of the project, 
including the findings presented in this study, will attempt to better understand issues of and 
factors that affect participation, representation, and success in the STEM fields.  
Evaluations of intervention programs, although not the focus of the larger research 
project, can also assess the overall impact of the program and specific components on the 
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targeted populations (Clewell & Campbell, 2002). Quasi-experimental designs can aid in 
providing comparison groups for those who do not receive the intervention, but caution should 
be used if such a study prohibits students who are qualified to receive the intervention and may 
benefit from such services (Lederman, 2006).  
 While this study focused on women in the sciences, a clear avenue of expanding this line 
of research would be to examine male students more closely. Doing so would allow for 
comparisons to be made between racial and ethnic groups of men, but also allow for comparisons 
to be made between the racial and ethnic groups of men and women. For example, differences 
between African American men and African American women could be examined, particularly 
as they pertain to STEM participation and success.  
Even though students’ high school transcripts are not included in the dataset used in this 
study, the name and College Entrance Examination Board (CEEB) code of the high school 
students attended is known, creating an opportunity to merge in data from the U.S. Department 
of Education’s Common Core Dataset (CCD) and the Office of Civil Rights (OCR). CCD data 
can be used to investigate the high schools students attended, as well as the racial composition of 
the school and the percent of students who received a free or reduced lunch. OCR data, although 
not available on all high schools, can further augment the existing dataset by providing 
information on the number and type of Advanced Placement courses offered by students’ high 
schools.  
These sources of information are unable to replace students’ high school transcript files, 
yet the datasets can serve as an indication for the quality of opportunities students had for 
academic preparation, particularly in terms of entering and succeeding in the STEM fields. For 
instance, across each category of majors, African American women took longer to complete their 
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degrees, which may be reflective of their high school origins. Such a theory could be 
investigated in future research once high school characteristics and measures of opportunities for 
learning are added to the existing dataset.  
 In order to explore post-college outcomes of the students in this study, the U.S. 
Department of Education’s Baccalaureate and Beyond Longitudinal Study (2003) can be used to 
model graduate program and workforce outcomes based on creating a similar cohort of students 
to the ones featured in this study. In other words, the Baccalaureate and Beyond data can be used 
to predict the likelihood that students who majored in STEM fields at the undergraduate level 
would have pursued advanced degrees and entered the workforce in STEM fields.  
  Future research can also examine more closely when students switched majors by 
examining the data on a semester-by-semester basis rather than by academic year. A more 
detailed analysis would also examine the number of times students switched and when each 
change occurred. Given that students may have switched majors within each of the four 
categories used in this study, a follow-up study could examine movements within these four field 
categories, particularly the three STEM field categories. Finally, students who did not complete a 
degree within six years at the university they originally enrolled in could be included in future 
analyses. Future research, such as the studies suggested here, will continue to inform the 
collective understanding of this complex social and educational issue and may influence policies 
and programs designed to increase understandings of women’s participation in the STEM fields, 
as well as offer additional support for the use of a broad definition of the STEM fields when 
studying students’ participation in STEM.  
Environmental Studies. Environmental Studies is a discipline that may warrant specific 
attention in future research. The number of program offerings that fall under the heading of 
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Environmental Studies—including Environmental Sciences and Environmental Engineering—in 
U.S. colleges and universities have risen in recent years with over 400 environmental studies or 
environmental science programs offered in 2008 (U.S. College Search, 2008) and over 1,100 
programs offered in 2009 (U.S. College Search, 2009). Further, philanthropic organizations such 
as the Andrew W. Mellon Foundation are funding the establishment of new programs in this 
category (Lafayette College, 2008). These developments are due in part to increased job 
opportunities in the growing environmental sector, the need to train individuals to enter 
environmentally related jobs, and the expanding opportunities and need for research on topics 
such as climate change, sustainability, and conservation.   
Few researchers have examined the representation of women and minorities in these 
kinds of majors. A recent survey conducted by the Association of Environmental Engineering 
and Science Professors (AEESP) revealed that “the environmental engineering student body has 
better gender diversity than the field of engineering as a whole” (Bhandari, Jones, Fennell, and 
LaPara, 2006, p. 701). However, minority representation in student bodies, university and 
college faculty, and in the workforce was found to be consistent with other engineering fields. 
While early research (Bhandari et al., 2006; LaPara, Bhandari, Fennell, Tull, Clapp, & Jones, 
2006) has shown improved gender representation in environmental studies, the reasons for this 
have not yet been empirically investigated. Rather, further research is needed to identify factors 
that affect students’ choices of environmental engineering majors over other engineering majors 
(LaPara et al., 2006). The data used in this study, as well as the new data being collected for the 
larger research project, could be disaggregated by major field to begin to investigate the reasons 
students may choose these types of majors over others. Environmental Studies majors are just 
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one of many areas that can be researched in future investigations of the underrepresentation of 
women and minorities in the STEM fields. 
 
Conclusion 
 This study makes several contributions to the understandings of women’s participation in 
the STEM fields. By using a broad definition of STEM and persistence in major fields among 
undergraduates who completed bachelor’s degrees within six years, the study offers empirical 
evidence of women’s participation and success in the sciences at five public land-grant 
universities. The study also begins to fill a void in the existing literature on choice of college 
major by investigating students’ initial declaration of majors, persistence in those majors, and the 
fields that students switched to if they changed majors. Factors that influenced major field 
persistence and how persisting in or switching majors impacted students’ time-to-degree were 
also examined. Comparisons made between men and women as well as between different racial 
and ethnic groups of women allowed for a deeper understanding of women’s choices and 
behaviors related to their college majors.  
 Explicitly defining the STEM fields—specifically what majors and disciplines are 
classified as STEM fields—when researching STEM participation is encouraged in future 
research. Using transparent and broad definitions of STEM and measurements of persistence in 
this study resulted in an alternative perspective on women’s and minorities’ participation in 
STEM fields. The findings presented in this study should not be used to argue that intervention 
programs and policies aimed at increasing women’s and minorities’ participation in the STEM 
fields are no longer needed given that participation differs greatly within the STEM disciplines. 
While continued examination of the high-status, high-profile STEM fields—such as engineering 
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and computer science—is still needed, broadening our conceptualization of what constitutes a 
STEM field may challenge current notions of “who does science.” Studies that compare 
participation and persistence across multiple types of STEM fields, such as this study did, may 
signal researchers to alter their methods in studying access to, persistence in, and success in the 
STEM fields as a whole.  
Including disciplines such as veterinary medicine, agricultural sciences, and 
environmental studies will provide a more comprehensive description of participation in the 
sciences, as these fields have increased in their representation of women and minorities 
compared to other STEM fields. In this way, the current paradigm of underrepresentation is 
challenged through the use of a broader definition of STEM and by recognizing women’s 
participation in science across multiple disciplines. Drawing attention to women and non-Asian 
minorities who are participating and succeeding in the sciences may encourage younger students 
of similar backgrounds to pursue science-based majors as well. The empirical evidence of 
women’s participation and success in the sciences offered here provides an alternative 
perspective and more positive outlook on STEM participation, instead of focusing on 
underrepresentation in a narrow set of fields. Changing the underlying language that is used to 
describe women and minorities in STEM fields—from the inherently negative term of 
“underrepresentation” to a more neutral, if not positive, term of “participation”—is itself 
empowering.  
Evidence of women’s and minorities’ participation and success in the STEM fields at the 
undergraduate level, while creating the opportunity for increased social and economic mobility, 
may not fully be realized in the workforce or in society. Specifically, students who complete 
undergraduate degrees in STEM majors may benefit more fully from their education in terms of 
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entering graduate programs in the STEM fields, earning higher incomes, experiencing greater 
social mobility, and benefiting from enhanced professional opportunities. However, individuals 
may encounter barriers that affect their continuation in the pipeline after obtaining their 
undergraduate degrees, or decide to opt out of the STEM pipeline on their own. In addition, 
given inequities in salaries and workforce opportunities (Sonnert et al., 2007), obtaining a 
bachelor’s degree in a STEM field or having increased representation in the STEM fields does 
not guarantee equity.  
The ability to investigate involvement in the STEM fields beyond college remains vitally 
important in assessing how women’s and minorities’ participation in college may impact long-
term opportunities for economic and social mobility. Using an expanded definition of "STEM," 
although important, may only be able to impact issues of social stratification to the extent that 
society values the benefits and contributions of the science fields women are concentrated in. 
Moving forward, scholarship can seek to influence the conceptualization of the STEM fields, 
challenge notions of women’s and minorities’ participation in the STEM fields, and modify the 
language used to describe participation in the STEM fields. These adjustments, significant to the 
fields of education, sociology of education, and science education, may have an immediate 
impact on researchers and the literature on STEM participation, but with time and practical 
application they may also have an impact on higher education and social stratification.   
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Appendix A 
Historical Trends in STEM Degree Attainment  
 
 
 
Figure A1. Bachelor’s degrees earned in PSCSME, by sex, 1966–2006. Comparison of the 
number of bachelor’s degrees awarded to men and women in Physical Sciences, Computer 
Science, Math, and Engineering, at the end of each academic year. Data was unavailable for 
the year 1999. Created from Science and Engineering Degrees: 1966–2006 by the National 
Science Foundation (2008a).  
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Figure A2. Bachelor’s degrees earned in ABS, by sex, 1966–2006. Comparison of the number 
of bachelor’s degrees awarded to men and women in Agricultural and Biological Sciences, at 
the end of each academic year. Data was unavailable for the year 1999. Created from Science 
and Engineering Degrees: 1966–2006 by the National Science Foundation (2008a). 
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Figure A3. Bachelor’s degrees earned in HSP, by sex, 1966–2006. Comparison of the number 
of bachelor’s degrees awarded to men and women in Health Sciences and Psychology, at the 
end of each academic year. Data was unavailable for the year 1999. Created from Science and 
Engineering Degrees: 1966–2006 by the National Science Foundation (2008a). 
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Figure A4. Bachelor’s degrees earned in all STEM fields, by sex, 1966–2006.  Comparison of 
the number of bachelor’s degrees awarded to men and women in across all STEM fields, at 
the end of each academic year. Here, STEM is inclusive of Physical Science, Computer 
Science, Math, Engineering, Agricultural Science, Biological Science, Health Science, and 
Psychology. Data was unavailable for the year 1999. Created from Science and Engineering 
Degrees: 1966–2006 by the National Science Foundation (2008a). 
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Figure A5. Bachelor’s degrees earned by field and by sex, 1966–2006. Comparison of the 
number of bachelor’s degrees awarded to men and women in across all STEM fields and in 
Physical Science, Computer Science, Math, and Engineering. Data was unavailable for the 
year 1999. Created from Science and Engineering Degrees: 1966–2006 by the National 
Science Foundation (2008a). 
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Appendix B 
Classification of Instructional Programs (CIP) 
 
Physical, Math, Computer Science, and Engineering 
Mathematics  
27.01 Mathematics, general 
27.03 Applied mathematics 
27.05 Mathematical statistics 
27.99 Mathematics/statistics, other 
52.1302 Business statistics 
52.1304 Actuarial science 
30.08 Mathematics and Computer Science 
 
Aeronautical/astronautical engineering 
14.02 Aerospace, aeronautical, astronautical engineering 
  
Chemical engineering  
14.07 Chemical engineering 
14.25 Petroleum engineering 
14.32 Polymer/plastics engineering 
  
Civil engineering  
14.04 Architectural engineering 
14.08 Civil engineering 
14.14 Environmental/environmental health engineering 
  
Electrical engineering  
14.09 Computer engineering 
14.10 Electrical, electronics, communications engineering 
14.38 Surveying engineering 
  
Mechanical engineering 
14.11 Engineering mechanics 
14.19 Mechanical engineering 
  
Materials/metallurgical engineering 
14.06 Ceramic sciences/engineering 
14.18 Materials engineering 
14.20 Metallurgical engineering 
14.31 Materials science 
 
  
Other engineering 
14.01 Engineering, general 
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14.03 Agricultural engineering 
14.05 Bioengineering/biomedical engineering 
14.12 Engineering physics 
14.13 Engineering science 
14.15 Geological engineering 
14.16 Geophysical engineering 
14.21 Mining/mineral engineering 
14.22 Naval architecture/marine engineering 
14.23 Nuclear engineering 
14.24 Ocean engineering 
14.27 Systems engineering  
14.28 Textile sciences/engineering 
14.29 Engineering design 
14.34 Forest engineering 
14.37 Operations research 
14.39 Geological engineering 
14.99 Engineering, other 
30.06 Systems Science and Theory 
 
Computer sciences 
11.01 Computer/information sciences, general 
11.02 Computer programming 
11.03 Data processing technology/technician  
11.04 Information sciences/systems 
11.05 Computer systems analysis 
11.07 Computer science 
11.08 Web page design, computer graphics, database management 
11.09 Computer systems networking and telecommunications 
11.10 System administration, networking, management 
11.99 Computer/information sciences, other 
30.16 Accounting and Computer Science 
  
Astronomy  
40.0201 Astronomy 
40.0202 Astrophysics 
40.0299 Astronomy/astrophysics, other 
  
Chemistry  
40.0501 Chemistry, general 
40.0502 Analytical chemistry 
40.0503 Inorganic chemistry 
40.0504 Organic chemistry 
40.0506 Physical/theoretical chemistry 
40.0507 Polymer chemistry 
40.0508 Chemical physics 
40.0599 Chemistry, other 
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51.2004 Medicinal/pharmaceutical chemistry 
  
Physics  
40.0801 Physics, general 
40.0802 Chemical and atomic/molecular physics 
40.0804 Elementary particle physics 
40.0805 Plasma/high-temperature physics 
40.0806 Nuclear physics 
40.0807 Optics/optical sciences 
40.0808 Solid state/low-temperature physics 
40.0809 Acoustics 
40.0810 Theoretical/mathematical physics 
40.0899 Physics, other 
  
Other physical sciences 
40.01 Physical sciences, general 
40.99 Physical sciences, other 
30.18 Natural Sciences 
  
Atmospheric sciences  
40.0401 Atmospheric sciences/meteorology, general 
40.0402 Atmospheric chemistry/climatology 
40.0403 Atmospheric physics/dynamics 
40.0404 Meteorology 
40.0499 Atmospheric science/meteorology, other 
  
Earth sciences  
40.0601 Geology 
40.0602 Geochemistry 
40.0603 Geophysics/seismology 
40.0604 Paleontology 
40.0605 Hydrology/water resources sciences 
40.0606 Geochemistry/petrology 
40.0699 Geological and related sciences, other 
  
Oceanography  
40.0607 Oceanography 
  
Education  
13.1311 Mathematics Teacher Education. 
13.1316 
Science Teacher Education/General Science Teacher 
Education. 
13.1321 Computer Teacher Education 
13.1323 Chemistry Teacher Education 
13.1329 Physics Teacher Education 
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Agricultural and Biological Sciences 
Agricultural sciences 
01.04 Agricultural and food products processing 
01.05 Agricultural and domestic animal services 
01.08 Agriculture extension/communications 
01.09 Animal sciences 
01.10 Food sciences/technology 
01.11  Plant sciences 
01.12 Soil sciences 
01.99 Agriculture/agricultural sciences, other 
03.01 Natural resources conservation 
03.02 Natural resources management/protective services 
03.03  Fishing and fisheries sciences/management 
03.05 Forestry/forest management 
03.06 Wildlife/wildlands management 
03.99 Natural resources conservation, other 
26.0707 Agricultural animal physiology 
  
Biological Sciences 
19.0505 Food systems administration 
26.01 Biology, general 
26.0202 Biochemistry 
26.0203 Biophysics 
26.0204 Molecular biology 
26.0209 Radiation biology/radiobiology 
26.03 Botany/plant biology 
26.0401 Cell/cellular biology and histology 
26.0403 Anatomy 
26.0405 Neurosciences 
26.05 Microbiology/bacteriology 
26.0503 Medical microbiology/bacteriology 
26.0504 Virology 
26.0505 Parasitology 
26.0599 Immunology 
26.07 Zoology  
26.08 Genetics, plant/animal 
26.09 Medical neurobiology 
26.0910 Pathology 
26.10 Pharmacology/toxicology 
26.1101 Biometrics 
26.1102 Biostatistics 
26.12 Biotechnology research 
26.13 Ecology 
30.19 Nutrition Sciences 
26.1302 Marine/aquatic biology 
26.1303 Evolutionary biology  
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26.99 Biological sciences/life sciences, other 
30.01 Biological and Physical Sciences 
30.10 Biopsychology 
30.19 Nutritional sciences 
30.24 Neuroscience 
  
Education  
13.1301 Agricultural Teacher Education 
13.1322 Biology Teacher Education 
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Health Sciences and Psychology 
Medical sciences 
51 Health professions/related clinical sciences 
60.01 Dentistry 
60.02 Medicine/surgery 
 
Medical Sciences, continued 
60.03 Veterinary medicine 
26.0988 Medical physiology 
  
Psychology  
42.01 Psychology, general 
42.02 Clinical psychology 
42.03 Cognitive psychology/psycholinguistics 
42.04 Community psychology 
42.05 Comparative psychology 
42.06 Counseling psychology 
42.07 Developmental/child psychology 
42.08 Experimental psychology 
42.09 Industrial/organizational psychology 
42.10 Personality psychology 
42.11 Physiological psychology/psychobiology 
42.16 Social psychology 
42.19 Psychometrics 
42.20 Clinical child psychology 
42.21 Environmental psychology 
42.22 Geropsychology 
42.23 Health/medical psychology 
42.24 Psychopharmacology 
42.25 Family psychology 
42.26 Forensic psychology 
42.99 Psychology, other 
51.1507 Psychoanalysis 
51.3603 Hypnotherapy 
  
Education  
13.1307 Health Teacher Education. 
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Non-Science and Engineering 
Education  
13 Education 
31.05 Health/physical education 
39.0401 Religious education 
42.1701 School psychology 
42.1801 Educational psychology 
51.0913 Athletic training/trainer 
  
English/literature  
16.0104 Comparative literature 
23 American/English languages, literatures 
  
Foreign languages/literatures 
16 Foreign languages/literatures 
16.1200 Classics/languages 
  
History 
54 History 
  
Religion/theology  
38.02 Religious studies 
39 Theology/ministries 
  
Other humanities  
24 Liberal arts/other humanities 
38.01 Philosophy 
50 Visual/performing arts 
  
Business/management  
01.01 Agricultural business/management 
01.03 Agricultural production operations 
01.06 Horticultural operations 
14.3701 Operations research 
52 Business, management, marketing, related support  
   services 
  
Information fields (journalism, broadcasting, librarianship) 
09 Communications 
10 Communications technologies 
25 Library science 
  
Other professional fields 
04 Architecture/related programs 
12 Personal/culinary services 
15 Engineering-related technologies 
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19 Home economics/family studies 
22 Law and legal studies  
28 Reserve officer training corps (ROTC) 
29 Military technologies 
30 Multi-/interdisciplinary studies 
31 Parks/recreation/leisure/fitness 
32 Basic skills 
33 Citizenship activities 
34 Health related knowledge/skills 
35 Interpersonal/social skills 
36 Personal awareness/self-improvement 
41 Science technologies 
43 Protective services 
44 Public administration/social services professions 
46 Construction trades 
47 Mechanic/repair technologies 
48 Precision production trades 
49 Transportation/materials moving workers 
  
Political science  
44.04 Public administration 
44.05 Public policy analysis 
44.99 Public administration/services, other 
45.09 International relations/affairs 
45.10 Political science/government 
  
Sociology  
45.05 Demography/population studies 
45.0702 Cartography 
45.11 Sociology 
  
Other social sciences  
05 Area, ethnic, cultural, gender studies 
16.0102 Linguistics 
30.1101 Gerontology 
30.1501 Science, technology, society 
30.17 Behavioral sciences 
30.1701 Behavioral sciences 
30.2001 International/global studies 
30.2301 Intercultural/multicultural and diversity studies 
45.01 Social sciences, general 
45.02 Anthropology 
45.03 Archeology 
45.04 Criminology 
45.07 Geography 
45.10 Canadian government/politics 
 
 
149 
 
45.12 Urban affairs/studies 
45.99 Social sciences/history, other 
53.3201 Bioethics/medical ethics 
54.0000 Social sciences/history 
54.0404 History/philosophy of science and technology 
  
Economics  
01.0103 Agricultural economics 
45.06  Economics 
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Appendix C 
List of Variables 
Variable Description 
Socio-demographic Information  
Female 0 = no/male, 1= yes/female 
Race/ethnicity 1 = Asian 
2 = African American 
3 = Hispanic 
4 = white 
5 = Native American, Other, and Unknown 
Residency In-state or out-of-state resident in 1999-2000 
0 = out-of-state resident, 1 = in-state resident 
Mother’s Educational Attainment*† Highest level of education attained by mother: 
1 = middle school/junior high 
2 = high school 
3 = college or beyond 
4 = other/unknown 
Father’s Educational Attainment*† Highest level of education attained by father: 
1 = middle school/junior high 
2 = high school 
3 = college or beyond 
4 = other/Unknown 
Mother College Degree*† 0 = does not have college degree, 1 = has college 
degree 
Father College Degree*† 0 = does not have college degree, 1 = has college 
degree 
Both Parents College Degree*† 0 = one or no parents have college education, 1 = both 
parents have college education 
Parent’s Marital Status* Parents’ marital status in 1999-2000: 
1 = married/Remarried 
2 = single 
3 = divorced/Separated 
4 = widowed 
Parent’s Married* 0 = not married, 1 = married 
Student’s Marital Status* Students’ marital status in 1999-2000: 
1 = married/Remarried 
2 = single 
3 = divorced/Separated 
4 = widowed 
Parent’s Income* $0-$40,000 
$40,001-$60,000 
$60,001-$80,000 
$80,001-$100,000 
$100,001 or more 
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Pre-College Academic Information  
SAT math score  
Adjusted SAT math score ACT scores converted to SAT; higher of two values 
used; continuous variable 
SAT verbal score Centered on average score of major field category; 
continuous variable 
Adjusted SAT verbal score ACT scores converted to SAT; higher of two values 
used; continuous variable 
SAT combined score Centered on average score of major field category; 
continuous variable 
Adjusted SAT combined score ACT scores converted to SAT; higher of two values 
used; continuous variable 
 Centered on average score of major field category; 
continuous variable 
College Information  
Institution  
First major 
Last major 
University student attended 
1 = Institution A 
2 = Institution B 
3 = Institution C 
4 = Institution D 
5 = Institution E 
Persisted in major Student’s six-digit CIP code of major for each fall 
semester categorized into one of four groups: 
1 = Physical Science, Computer Science, Math and 
Engineering (PSCSME) 
2= Agricultural and Biological Sciences (ABS) 
3 = Health Sciences and Psychology (HSP) 
4 = Non-Science and Engineering (Non-STEM) 
Changed major Student’s major field persistence status 
0 = did not persist, 1 = persisted in original major 
Cumulative GPA  If student switched majors, when the change occurred:  
1 = Changed Major 2000-2001 (Yr2) 
2 = Changed Major 2001-2002 (Yr3) 
3 = Changed Major 2002-2003 (Yr4) 
4 = Changed Major 2003-2004 (Yr5) 
5 = Changed Major 2004-2005 (Yr6) 
Graduation Date Cumulative Grade Point Average (GPA) at end of 
studies; continuous variable 
Graduation Year Date student graduated; MM/DD/YYYY format 
 Academic year student graduated, graduation date 
recoded into graduation year  
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Financial Aid Information  
Filed FAFSA* (1999-2000 through 
2004-2005) 
 
Pell Grant Status* (1999-2000 
through 2004-2005) 
Student’s FAFSA status: 
0 = did not file FAFSA, 1 = filed FAFSA 
Pell Grant Amount* (1999-2000 
through 2004-2005) 
Student’s Pell Grant Status: 
0 = Did not receive Pell Grant, 1 = Received Pell Grant 
SEOG Status* (1999-2000 through 
2004-2005) 
Dollar amount of Pell Grant awarded for each 
academic year; continuous variable 
SEOG Amount* (1999-2000 through 
2004-2005) 
Student’s SEOG status: 
0 = Did not receive SEOG, 1 = Received SEOG 
 Dollar amount of SEOG awarded for each academic 
year; continuous variable 
Note. * Only available for students who filed FAFSA      
 † Not available for students who attended Institution E 
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Appendix D 
Results Tables 
 
Table D1 
       
        Demographic and Background Information, 1999 
         
     Variables N % 
     Gender 
     Male  8,567 50.8% 
     Female 8,283 49.2% 
     Total 16,850 100.0% 
     Race and Ethnicity 
     Asian 1,000 5.9% 
     African American 694 4.1% 
     Hispanic 410 2.4% 
     Native American, Other, and Unknown 259 1.5% 
     White 14,487 86.0% 
     Residency Status 
     Out-of-State 5,786 34.3% 
     In-State 11,064 65.7% 
     Source. Public University Database, 2009; Author's calculations 
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Table D2 
     
      Average SAT by Major Field Category 
  
      
First Major Category 
Descriptive 
Statistics 
SAT Math 
Score 
SAT Verbal 
Score 
Total SAT 
Score 
 PSCSME Mean 667.749 607.831 1273.126 
 N 4,536 4,536 4,536 
 Std. Deviation 74.336 77.980 132.127 
 ABS Mean 611.992 592.451 1202.580 
 N 1,787 1,787 1,787 
 Std. Deviation 81.429 80.435 144.684 
 HSP Mean 570.808 566.412 1134.709 
 N 1,374 1,374 1,374 
 Std. Deviation 84.019 77.542 142.455 
 Non-STEM Mean 574.809 565.404 1138.362 
 N 9,153 9,153 9,153 
 Std. Deviation 85.469 80.956 147.653 
 All Majors Mean 603.446 579.776 1181.153 
 N 16,850 16,850 16,850 
 Std. Deviation 91.578 82.025 154.629 
 Source. Public University Database, 2009; Author's calculations 
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Table D3 
        
         Select Financial Aid Indicators for FAFSA Filers, 1999 
         
      Variables N % 
      Filed FAFSA 
      No 4,798 28.5% 
      Yes 12,052 71.5% 
      Father's Education† 
      Less than College 3,323 32.9% 
      College and Beyond 6,503 64.4% 
      Other/Unknown 267 2.6% 
      Mother's Education† 
      Less than College 3,852 38.0% 
      College and Beyond 6,046 59.7% 
      Other/Unknown 229 2.3% 
      Parents' Income Level 
      $0-$40,000 2,242 18.9% 
      $40,001-$60,000 2,142 18.0% 
      $60,001-$80,000 2,597 21.9% 
      $80,001-$100,000 2,133 17.9% 
      $100,001 or more 2,770 23.3% 
      Parents' marital status 
      Married/Remarried 10,087 84.5% 
      Single 199 1.7% 
      Divorced/Separated 1,453 12.2% 
      Widowed 205 1.7% 
      Student's marital status 
      Married/Remarried 18 0.2% 
      Single 11,954 99.8% 
      Divorced/Separated 1 0.0% 
      Note. † Parental education not available for students who attended Institution E 
Source. Public University Database, 2009; Author's calculations 
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Table D4 
    
     Pell and SEOG Grant Recipients, by Academic Year, 1999–2005 
          
Academic Year 
Percent 
Receiving Pell 
Grant 
Average Pell Grant 
Amount 
Percent 
Receiving 
SEOG Grant 
Average SEOG Grant 
Amount 
1999-2000 12.5% $1,933  7.2% $936  
2000-2001 11.7% $2,107  5.6% $720  
2001-2002 12.5% $2,357  5.7% $923  
2002-2003 12.5% $2,449  5.0% $850  
2003-2004 5.8% $2,200  2.3% $753  
2004-2005 1.5% $2,208  0.6% $666  
Source. Public University Database, 2009; Author's calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
157 
 
Table D5 
                      
                         Initial Major Category Declared by Gender, Race/Ethnicity, 1999–2000 
         
                         
    Overall   Male   Female   Asian*   
African 
American*   Hispanic*   White*   
Native 
American, 
Other, and 
Unknown* 
First Major 
Category   N %   N %   N %   N %   N %   N %   N %   N % 
PSCSME   4,536 26.9%   3,582 41.8%   954 11.5%   78 16.9%   45 9.8%   24 10.8%   791 11.3%   16 12.5% 
ABS   1,787 10.6%   719 8.4%   1,068 12.9%   64 13.9%   34 7.4%   30 13.5%   928 13.2%   12 9.4% 
HSP   1,374 8.2%   307 3.6%   1,067 12.9%   65 14.1%   69 15.0%   23 10.3%   893 12.7%   17 13.3% 
Non-STEM   9,153 54.3%   3,959 46.2%   5,194 62.7%   254 55.1%   313 67.9%   146 65.5%   4,398 62.7%   83 64.8% 
All Majors   16,850 100.0%   8,567 100.0%   8,283 100.0%   461 100.0%   461 100.0%   223 100.0%   7,010 100.0%   128 100.0% 
Note. * Of female students 
                   Source. Public University Database, 2009; Author's calculations 
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Table D6 
       
        Difference Between Expected and Observed Numbers of Students' Initial Majors 
            
  
 
Institution 
  First Major Category A B C D E 
  PSCSME -263.3 -121.3 254.6 266.1 -132.9 
  ABS -198.0 64.1 -24.0 193.0 -34.2 
  HSP 240.6 -238.4 69.9 -80.1 0.3 
  Non-STEM 220.7 295.5 -300.5 -379.0 166.8 
        
  N 3,566 3,395 3,745 3,453 2,691 
  df 3 3 3 3 3 
  x2 399.05* 279.04* 126.12* 277.29* 47.54* 
  Note. * denotes significant at p<.05 
  Source. Public University Database, 2009; Author's calculations 
  
 
 
 
 
 
 
 
Table D7 
         
          Major Field Persistence by Gender, 1999–2005 
                    
 
 
Male   Female   Total 
 Persistence Status N %   N %   N % 
 Did not Persist in Initial Major 1,898 22.2%   1,953 23.6%   3,851 22.9% 
 Persisted in Initial Major 6,669 77.8%   6,330 76.4%   12,999 77.1% 
 Total 8,567 100.0%   8,283 100.0%   16,850 100.0% 
 Source. Public University Database, 2009; Author's calculations 
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Table D8 
        
         Difference Between Expected and Observed Numbers of Students' Persistence by Major 
            
   
 
Institution 
   First Major Category A B C D E 
   PSCSME -189.5 -67.7 175.2 189.8 -103.6 
   ABS -105.4 14.4 -77.1 157.5 4.6 
   HSP 68.6 -108.0 61.9 9.6 -26.0 
   Non-STEM 226.4 161.2 -160.1 -356.9 125.1 
         
   N 2,624 2,731 2,751 2,796 2,097 
   df 3 3 3 3 3 
   x2 175.65* 105.16* 114.27* 241.84* 38.59* 
   Note. * denotes significant at p<.05 
   Source. Public University Database, 2009; Author's calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
160 
 
Table D9 
                      
                         Persistence by First Major Category, Gender, Race and Ethnicity, 1999–2005 
                                                        
  
Overall   Male 
 
Female 
 
Asian* 
 
African 
American* 
 
Hispanic* 
 
White* 
 
Native 
American, 
Other, and 
Unknown* 
Persisted   N %   N %   N %   N %   N %   N %   N %   N % 
PSCSME 
No   1,230 27.1%  887 24.8%  343 36.0%  21 26.9%  24 53.3%  9 37.5%  282 35.7%  7 43.8% 
Yes   3,306 72.9%  2,695 75.2%  611 64.0%  57 73.1%  21 46.7%  15 62.5%  509 64.3%  9 56.3% 
Total   4,536 100.0%   3,582 100.0%   954 100.0%   78 100.0%   45 100.0%   24 100.0%   791 100.0%   16 100.0% 
ABS 
No   805 45.0%  351 48.8%  454 42.5%  32 50.0%  21 61.8%  13 43.3%  382 41.2%  6 50.0% 
Yes   982 55.0%  368 51.2%  614 57.5%  32 50.0%  13 38.2%  17 56.7%  546 58.8%  6 50.0% 
Total   1,787 100.0%   719 100.0%   1,068 100.0%   64 100.0%   34 100.0%   30 100.0%   928 100.0%   12 100.0% 
HSP 
No   692 50.4%  206 67.1%  486 45.5%  34 52.3%  37 53.6%  12 52.2%  392 43.9%  11 64.7% 
Yes   682 49.6%  101 32.9%  581 54.5%  31 47.7%  32 46.4%  11 47.8%  501 56.1%  6 35.3% 
Total   1,374 100.0%   307 100.0%   1,067 100.0%   65 100.0%   69 100.0%   23 100.0%   893 100.0%   17 100.0% 
Non-STEM 
No   1,124 12.3%  454 11.5%  670 12.9%  28 11.0%  36 11.5%  13 8.9%  584 13.3%  9 10.8% 
Yes   8,029 87.7%  3,505 88.5%  4,524 87.1%  226 89.0%  277 88.5%  133 91.1%  3,814 86.7%  74 89.2% 
Total   9,153 100.0%   3,959 100.0%   5,194 100.0%   254 100.0%   313 100.0%   146 100.0%   4,398 100.0%   83 100.0% 
Note. * = Of female students only 
                Source. Public University Database, 2009; Author's calculations 
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Table D10 
              
               First and Last Reported Major for Women, 1999–2005 
      
              
  
  
Last Major Category     
 
 
PSCSME 
 
ABS 
 
HSP 
 
Non-STEM 
 
All Majors 
First Major Category N %   N %   N %   N  %   N % 
PSCSME 611 64.0%  59 6.2%  50 5.2%  234 24.5%  954 100.0% 
ABS 56 5.2%  614 57.5%  144 13.5%  254 23.8%  1,068 100.0% 
HSP 11 1.0%  69 6.5%  581 54.5%  406 38.1%  1,067 100.0% 
Non-STEM 69 1.3%  157 3.0%  444 8.5%  4,524 87.1%  5,194 100.0% 
All Majors 747 9.0%   899 10.9%   1,219 14.7%   5,418 65.4%   8,283 100.0% 
Source. Public University Database, 2009; Author's calculations 
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Table D11 
               
                First and Last Reported Major for Men, 1999–2005 
         
                              
     
Last Major Category 
    
 
PSCSME 
 
ABS 
 
HSP 
 
Non-STEM 
 
All Majors 
 First Major Category N %   N %   N %   N  %   N % 
 
PSCSME 2,695 75.2%  85 2.4%  65 1.8%  737 20.6%  3,582 100.0% 
 
ABS 66 9.2%  368 51.2%  44 6.1%  241 33.5%  719 100.0% 
 
HSP 22 7.2%  45 14.7%  101 32.9%  139 45.3%  307 100.0% 
 
Non-STEM 189 4.8%  133 3.4%  132 3.3%  3,505 88.5%  3,959 100.0% 
 
All Majors 2,972 34.7%   631 7.4%   342 4.0%   4622 54.0%   8,567 100.0% 
 Source. Public University Database, 2009; Author's calculations 
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Table D12 
       
         Mean Cumulative GPA at End of Studies by Persistence Status and Gender, 1999–2005 
 
  
       Gender Mean N Std. Deviation 
     Did not Persist 
     Male 3.0752 1,898 0.44179 
     Female 3.2093 1,953 0.43800 
     Total 3.1432 3,851 0.44490 
     Persisted 
     Male 3.1666 6,669 0.44593 
     Female 3.2703 6,330 0.42341 
     Total 3.2171 12,999 0.43817 
     Total 
     Male 3.1464 8,567 0.44661 
     Female 3.2559 8,283 0.42765 
     Total 3.2002 16,850 0.44079 
     Source. Public University Database, 2009; Author's calculations 
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Table D13 
        
          Cumulative GPA at End of Studies, by Gender, First and Last Major Category, 1999–2005 
          Last Major 
Category Gender Mean N 
Std. 
Deviation 
     PSCSME 
     
PSCSME 
Male 3.2091 2,695 .44384 
     Female 3.2513 611 .42872 
     Total 3.2169 3,306 .44133 
     
ABS 
Male 3.0588 85 .46031 
     Female 3.2357 59 .45088 
     Total 3.1313 144 .46319 
     
HSP 
Male 3.0771 65 .47200 
     Female 3.2278 50 .48101 
     Total 3.1426 115 .47974 
     
Non-S&E 
Male 3.0564 737 .42286 
     Female 3.2040 234 .39971 
     Total 3.0919 971 .42195 
     
Total 
Male 3.1717 3,582 .44515 
     Female 3.2375 954 .42589 
     Total 3.1856 4,536 .44194 
     ABS 
     
PSCSME 
Male 3.1659 66 .46890 
     Female 3.2881 56 .44505 
     Total 3.2220 122 .46030 
     
ABS 
Male 3.2186 368 .46394 
     Female 3.2811 614 .43495 
     Total 3.2577 982 .44682 
     
HSP 
Male 3.3012 44 .48729 
     Female 3.2111 144 .41717 
     Total 3.2322 188 .43491 
     
Non-S&E 
Male 3.0375 241 .43331 
     Female 3.2118 254 .42080 
     Total 3.1270 495 .43533 
     
Total 
Male 3.1581 719 .46360 
     Female 3.2555 1,068 .43053 
     Total 3.2164 1,787 .44657 
      
 
   
 
(continued) 
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Table D13 (continued)   
   
 
   
  Last Major 
Category Gender Mean N 
Std. 
Deviation 
  HSP 
  
PSCSME 
Male 3.2217 22 .38830 
  Female 3.1613 11 .52804 
  Total 3.2016 33 .43234 
  
ABS 
Male 3.2216 45 .47794 
  Female 3.0351 69 .45912 
  Total 3.1087 114 .47347 
  
HSP 
Male 3.3057 101 .45091 
  Female 3.3174 581 .39865 
  Total 3.3157 682 .40648 
  
Non-S&E 
Male 3.0806 139 .43561 
  Female 3.1437 406 .42007 
  Total 3.1276 545 .42458 
  
Total 
Male 3.1855 307 .45306 
  Female 3.2315 1,067 .42318 
  Total 3.2212 1,374 .43030 
  Non-STEM 
  
PSCSME 
Male 3.0925 189 .40598 
  Female 3.3560 69 .46033 
  Total 3.1630 258 .43623 
  
ABS 
Male 3.0182 133 .46798 
  Female 3.0799 157 .49259 
  Total 3.0516 290 .48162 
  
HSP 
Male 3.0905 132 .49698 
  Female 3.3059 444 .42537 
  Total 3.2565 576 .45153 
  
Non-S&E 
Male 3.1245 3,505 .44114 
  Female 3.2653 4,524 .42389 
  Total 3.2038 8,029 .43709 
  
Total 
Male 3.1183 3,959 .44274 
  Female 3.2644 5,194 .42812 
  Total 3.2012 9,153 .44047 
   
 
   
  
 
 
   
 
(continued) 
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Table D13 (continued)   
  
   
  
  Last Major 
Category Gender Mean N 
Std. 
Deviation 
  All Majors 
  
PSCSME 
Male 3.2009 2,972 .44246 
  Female 3.2624 747 .43481 
  Total 3.2132 3,719 .44157 
  
ABS 
Male 3.1551 631 .47261 
  Female 3.2241 899 .45716 
  Total 3.1956 1,530 .46468 
  
HSP 
Male 3.1786 342 .48781 
  Female 3.2970 1,219 .41536 
  Total 3.2711 1,561 .43487 
  
Non-S&E 
Male 3.1078 4,622 .43860 
  Female 3.2510 5,418 .42375 
  Total 3.1851 10,040 .43651 
  
Total 
Male 3.1464 8,567 .44661 
  Female 3.2559 8,283 .42765 
  Total 3.2002 16,850 .44079 
  Source. Public University Database, 2009; Author's calculations 
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Table D14 
               
                First and Last Reported Major for African American Women, 1999–2005 
 
            
        
      Last Major Category 
   
 
  PSCSME   ABS   HSP   Non-STEM   All Majors 
First Major Category   N %   N %   N %   N  %   N % 
PSCSME   
21 46.7%  3 6.7%  4 8.9%  17 37.8%  45 100.0% 
ABS   
3 8.8%  13 38.2%  9 26.5%  9 26.5%  34 100.0% 
HSP   
0 0.0%  3 4.3%  32 46.4%  34 49.3%  69 100.0% 
Non-STEM   
4 1.3%  8 2.6%  24 7.7%  277 88.5%  313 100.0% 
All Majors   
28 6.1%   27 5.9%   69 15.0%   337 73.1%   461 100.0% 
Source. Public University Database, 2009; Author's calculations 
  
 
 
 
 
Table D15 
               
                First and Last Reported Major for Hispanic Women, 1999–2005 
     
                
      Last Major Category       
 
  PSCSME   ABS   HSP   Non-STEM   All Majors 
First Major Category   N %   N %   N %   N  %   N % 
PSCSME   
15 62.5%   1 4.2%   0 0.0%   8 33.3%   24 100.0% 
ABS   
2 6.7%  17 56.7%  8 26.7%  3 10.0%  30 100.0% 
HSP   
0 0.0%  1 4.3%  11 47.8%  11 47.8%  23 100.0% 
Non-STEM   
0 0.0%  5 3.4%  8 5.5%  133 91.1%  146 100.0% 
All Majors   
17 7.6%   24 10.8%   27 12.1%   155 69.5%   223 100.0% 
Source. Public University Database, 2009; Author's calculations 
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Table D16 
               
                First and Last Reported Major for Asian Women, 1999–2005 
      
                      Last Major Category       
 
  PSCSME   ABS   HSP   Non-STEM   All Majors 
First Major Category   N %   N %   N %   N  %   N % 
PSCSME   
57 73.1%  8 10.3%  3 3.8%  10 12.8%  78 100.0% 
ABS   
3 4.7%  32 50.0%  10 15.6%  19 29.7%  64 100.0% 
HSP   
3 4.6%  7 10.8%  31 47.7%  24 36.9%  65 100.0% 
Non-STEM   
6 2.4%  7 2.8%  15 5.9%  226 89.0%  254 100.0% 
All Majors   
69 15.0%  54 11.7%   59 12.8%   279 60.5%   461 100.0% 
Source. Public University Database, 2009; Author's calculations 
    
 
 
 
 
Table D17 
               
                First and Last Reported Major for White Women, 1999–2005 
      
                
      Last Major Category       
 
  PSCSME   ABS   HSP   Non-STEM   All Majors 
First Major Category   N %   N %   N %   N  %   N % 
PSCSME   
509 64.3%   47 5.9%   41 5.2%   194 24.5%   791 100.0% 
ABS   
48 5.2%  546 58.8%  115 12.4%  219 23.6%  928 100.0% 
HSP   
8 0.9%  56 6.3%  501 56.1%  328 36.7%  893 100.0% 
Non-STEM   
56 1.3%  137 3.1%  391 8.9%  3814 86.7%  4398 100.0% 
All Majors   
621 8.9%  786 11.2%   1048 15.0%   4555 65.0%   7010 100.0% 
Source. Public University Database, 2009; Author's calculations 
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Table D18 
                      
                         When Students Switch Majors, by Gender and Race/Ethnicity 1999–2005 
                                                            
Changed 
Major 
 
Overall 
 
Male 
 
Female 
 
Asian* 
 
African 
American* 
 
Hispanic* 
 
White* 
 
Native American, 
Other, and 
Unknown* 
    N %   N %   N %   N %   N %   N %   N %   N % 
2001-2002 
(Yr3) 
 
43 1.1%  16 .8%  27 1.4%  4 3.5%  0 .0%  1 2.1%  22 1.3%  0 .0% 
2002-2003 
(Yr4) 
 
1,769 45.9%  672 35.4%  1,097 56.2%  70 60.9%  43 36.4%  29 61.7%  943 57.5%  12 36.4% 
2003-2004 
(Yr5) 
 
1,543 40.1%  897 47.3%  646 33.1%  33 28.7%  55 46.6%  13 27.7%  525 32.0%  20 60.6% 
2004-2005 
(Yr6) 
 
496 12.9%  313 16.5%  183 9.4%  8 7.0%  20 16.9%  4 8.5%  150 9.1%  1 3.0% 
Total   3,851 100.0%   1,898 100.0%   1,953 100.0%   115 100.0%   118 100.0%   47 100.0%   1,640 100.0%   33 100.0% 
Note. * Of women only 
                  Source. Public University Database, 2009; Author's calculations 
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Table D19 
             
                When Students Change Majors, by Gender and First Major Category, 1999–2005 
 
               
  
      Changed Major     
 
  
2001-2002 (Yr3) 
 
2002-2003 (Yr4) 
 
2003-2004 (Yr5) 
 
2004-2005 (Yr6) 
 
Total 
Gender   N %   N %   N %   N %   N % 
  
PSCSME 
Male 5 .6%  292 32.9%  432 48.7%  158 17.8%  887 100.0% 
Female  5 1.5%  193 56.3%  116 33.8%  29 8.5%  343 100.0% 
Total  10 .8%  485 39.4%  548 44.6%  187 15.2%  1230 100.0% 
  
ABS 
Male 3 .9%  157 44.7%  144 41.0%  47 13.4%  351 100.0% 
Female  8 1.8%  270 59.5%  130 28.6%  46 10.1%  454 100.0% 
Total  11 1.4%  427 53.0%  274 34.0%  93 11.6%  805 100.0% 
  
HSP 
Male 4 1.9%  67 32.5%  107 51.9%  28 13.6%  206 100.0% 
Female  4 .8%  226 46.5%  204 42.0%  52 10.7%  486 100.0% 
Total  8 1.2%  293 42.3%  311 44.9%  80 11.6%  692 100.0% 
  
Non-STEM 
Male 4 .9%  156 34.4%  214 47.1%  80 17.6%  454 100.0% 
Female  10 1.5%  408 60.9%  196 29.3%  56 8.4%  670 100.0% 
Total  14 1.2%  564 50.2%  410 36.5%   136 12.1%   1124 100.0% 
Source. Public University Database, 2009; Author's calculations 
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Table D20 
               
                  When Women Change Majors, by Racial and Ethnic Group and First Major Category, 1999–2005 
  
               
  
      Changed Major     
   
  
2001-2002 (Yr3) 
 
2002-2003 (Yr4) 
 
2003-2004 (Yr5) 
 
2004-2005 (Yr6) 
 
Total 
  Race/Ethnicity   N %   N %   N %   N %   N % 
  
  
PSCSME 
  Asian 0 .0%  15 71.4%  6 28.6%  0 .0%  21 100.0% 
  African American  0 .0%  7 29.2%  11 45.8%  6 25.0%  24 100.0% 
  Hispanic  0 .0%  3 33.3%  6 66.7%  0 .0%  9 100.0% 
  White  5 1.8%  165 58.5%  89 31.6%  23 8.2%  282 100.0% 
  Native American, 
Other, and 
Unknown 
 
0 .0%  3 42.9%  4 57.1%  0 .0%  7 100.0% 
  All Students   5 1.5%   193 56.3%   116 33.8%   29 8.5%   343 100.0% 
  
 
 ABS 
  Asian  2 6.3%  22 68.8%  4 12.5%  4 12.5%  32 100.0% 
  African American  0 .0%  8 38.1%  13 61.9%  0 .0%  21 100.0% 
  Hispanic  0 .0%  9 69.2%  3 23.1%  1 7.7%  13 100.0% 
  White  6 1.6%  228 59.7%  107 28.0%  41 10.7%  382 100.0% 
  Native American, 
Other, and 
Unknown 
 
0 .0%  3 50.0%  3 50.0%  0 .0%  6 100.0% 
  All Students   8 1.8%   270 59.5%   130 28.6%   46 10.1%   454 100.0% 
  
  
HSP 
  Asian 1 2.9%  15 44.1%  16 47.1%  2 5.9%  34 100.0% 
  African American  0 .0%  9 24.3%  20 54.1%  8 21.6%  37 100.0% 
  Hispanic  1 8.3%  6 50.0%  3 25.0%  2 16.7%  12 100.0% 
  White  2 .5%  193 49.2%  158 40.3%  39 9.9%  392 100.0% 
  Native American, 
Other, and 
Unknown 
 
0 .0%  3 27.3%  7 63.6%  1 9.1%  11 100.0% 
  All Students  4 .8%  226 46.5%  204 42.0%  52 10.7%  486 100.0% 
                  (continued) 
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Table D20 (continued)              
  
              
    Changed Major     
 
  
2001-2002 (Yr3) 
 
2002-2003 (Yr4) 
 
2003-2004 (Yr5) 
 
2004-2005 (Yr6) 
 
Total 
Race/Ethnicity  N %   N %   N %   N %   N % 
  
Non-STEM 
Asian 1 3.6%  18 64.3%  7 25.0%  2 7.1%  28 100.0% 
African American  0 .0%  19 52.8%  11 30.6%  6 16.7%  36 100.0% 
Hispanic  0 .0%  11 84.6%  1 7.7%  1 7.7%  13 100.0% 
White  9 1.5%  357 61.1%  171 29.3%  47 8.0%  584 100.0% 
Native American, 
Other, and 
Unknown 
 
0 .0%  3 33.3%  6 66.7%  0 .0%  9 100.0% 
Total  10 1.5%  408 60.9%  196 29.3%   56 8.4%   670 100.0% 
Source. Public University Database, 2009; Author's calculations 
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Table D21 
                      
                         Binary Logistic Regression Results for All Students' Persistence, by Major, 1999–2005 
       
                   
  
     
    PSCSME   ABS   HSP 
 
Non-STEM 
Variable   B SE df Sig. Exp(B)   B SE df Sig. Exp(B)   B SE df Sig. Exp(B) 
 
B SE df Sig. Exp(B) 
Female 
 
-0.405 0.083 1 0.000 0.667* 
 
0.134 0.104 1 0.200 1.143 
 
0.912 0.150 1 0.000 2.489* 
 
-0.127 0.065 1 0.053 0.881* 
Asian 
 
0.079 0.141 1 0.577 1.082 
 
-0.393 0.199 1 0.048 0.675* 
 
-0.262 0.233 1 0.259 0.769 
 
-0.144 0.148 1 0.330 0.866 
African American 
 
0.345 0.220 1 0.117 1.412 
 
-0.677 0.331 1 0.041 0.508* 
 
-0.335 0.258 1 0.196 0.716 
 
0.408 0.167 1 0.014 1.504* 
Hispanic 
 
0.130 0.244 1 0.594 1.139 
 
0.021 0.310 1 0.946 1.021 
 
-0.464 0.421 1 0.271 0.629 
 
0.429 0.231 1 0.064 1.536 
In-State Resident 
 
-0.268 0.099 1 0.007 0.765* 
 
0.215 0.179 1 0.228 1.240 
 
0.142 0.178 1 0.427 1.152 
      SAT: Math 
 
0.010 0.004 1 0.021 1.010* 
 
-0.003 0.007 1 0.649 0.997 
 
0.006 0.006 1 0.313 1.006 
      SAT: Verbal 
 
0.000 0.004 1 0.991 1.000 
 
-0.001 0.007 1 0.851 0.999 
 
0.006 0.006 1 0.318 1.006 
      SAT: Total 
 
0.000 0.004 1 0.910 1.000 
 
0.003 0.007 1 0.627 1.003 
 
-0.005 0.006 1 0.429 0.995 
      Institution A 
 
-0.181 0.132 1 0.172 0.835 
 
-0.647 0.208 1 0.002 0.523* 
 
-0.059 0.189 1 0.757 0.943 
 
-0.172 0.097 1 0.076 0.842 
Institution B 
 
0.219 0.152 1 0.150 1.245 
 
-0.411 0.206 1 0.046 0.663* 
 
2.252 0.485 1 0.000 9.511* 
 
-0.091 0.098 1 0.350 0.913 
Institution C 
 
-0.080 0.117 1 0.496 0.924 
 
-1.175 0.178 1 0.000 0.309* 
 
0.634 0.188 1 0.001 1.885* 
 
0.133 0.107 1 0.212 1.143 
Institution D 
 
-0.208 0.125 1 0.097 0.813 
 
-0.002 0.170 1 0.991 0.998 
 
1.471 0.240 1 0.000 4.356* 
 
0.450 0.120 1 0.000 1.569* 
Constant   1.400 0.125 1 0.000 4.055   0.436 0.194 1 0.025 1.547   -1.213 0.215 1 0.000 0.297   1.997 0.086 1 0.000 7.370 
Source. Public University Database, 2009; Author's calculation 
            * p < .05. 
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Table D22 
                      
                         Binary Logistic Regression Results for Persistence of Students who Filed FAFSA, by Major, 1999–2005 
                         
    PSCSME   ABS   HSP   Non-STEM 
Variable   B SE df Sig. Exp(B)   B SE df Sig. Exp(B)   B SE df Sig. Exp(B)   B SE df Sig. Exp(B) 
Female 
 
-0.416 0.122 1 0.001 0.660* 
 
0.210 0.157 1 0.181 1.234 
 
1.117 0.235 1 0.000 3.057* 
 
-0.271 0.106 1 0.011 0.763* 
Asian 
 
-0.003 0.210 1 0.990 0.997 
 
-0.364 0.319 1 0.253 0.695 
 
-0.676 0.384 1 0.079 0.509 
 
0.259 0.262 1 0.322 1.296 
African American 
 
0.174 0.286 1 0.542 1.190 
 
-0.908 0.430 1 0.035 0.403* 
 
-0.116 0.390 1 0.753 0.890 
 
0.267 0.207 1 0.197 1.307 
Hispanic 
 
0.092 0.303 1 0.762 1.096 
 
0.326 0.404 1 0.419 1.386 
 
-0.378 0.522 1 0.469 0.685 
 
0.374 0.290 1 1.970 1.454 
In-State Resident 
 
-0.700 1.800 1 0.000 0.496* 
 
-0.210 0.343 1 0.540 0.810 
            Father College 
Educated 
       
-0.168 0.169 1 0.320 0.845 
            Mother College 
Educated 
       
0.237 0.166 1 0.153 1.267 
            Both Parents College 
Educated 
 
0.206 0.110 1 0.061 1.228 
       
-0.281 0.191 1 0.142 0.755 
 
0.113 0.105 1 0.282 1.119 
$0-$40,000 
 
-0.125 0.201 1 0.534 0.883 
 
-0.034 0.303 1 0.910 0.966 
 
-0.539 0.264 1 0.041 0.583* 
 
-0.350 0.150 1 0.020 0.705* 
$40,001-$60,000 
 
-0.203 0.152 1 0.182 0.816 
 
0.033 0.218 1 0.879 1.034 
 
-0.805 0.265 1 0.002 0.447* 
 
-0.192 0.153 1 0.210 0.826 
$60,001-$80,000 
 
-0.021 0.143 1 0.884 0.979 
 
0.079 0.212 1 0.711 1.082 
 
-0.317 0.256 1 0.215 0.728 
 
-0.302 0.142 1 0.033 0.739 
Parents Married 
       
-2.900 0.213 1 0.173 0.748 
            SAT: Math 
 
0.017 0.007 1 0.015 1.017* 
       
-0.004 0.011 1 0.746 0.996 
 
-0.002 0.006 1 0.794 0.998 
SAT: Verbal 
 
0.007 0.007 1 0.324 1.007 
       
-0.005 0.011 1 0.648 0.995 
 
0.000 0.006 1 0.926 0.999 
SAT: Total 
 
-0.009 0.007 1 0.220 0.992 
       
0.005 0.011 1 0.672 1.005 
 
0.000 0.006 1 0.985 1.000 
Cumulative GPA 
             
0.842 0.222 1 0.000 2.321* 
 
0.306 0.120 1 0.011 1.358* 
Received Pell Grant 
1999-2000 
 
-0.154 0.185 1 0.405 0.857 
 
0.005 0.254 1 0.985 1.005 
            
Institution A 
 
-0.015 0.161 1 0.926 0.985 
 
-0.596 0.240 1 0.013 0.551* 
 
-1.317 0.274 1 0.000 0.268* 
 
-0.568 0.159 1 0.000 0.566* 
Institution B 
 
-0.055 0.239 1 0.817 0.946 
 
-0.943 0.388 1 0.015 0.390* 
 
0.165 0.705 1 0.814 1.180 
 
-0.593 0.161 1 0.000 0.553* 
Institution C 
 
0.075 0.146 1 0.605 1.078 
 
-1.432 0.204 1 0.000 0.239* 
 
-0.771 0.296 1 0.009 0.463* 
 
-0.323 0.180 1 0.073 0.724 
Constant   1.625 0.231 1 0.000 5.079   1.053 0.494 1 0.033 2.866   -2.139 0.793 1 0.007 0.118   1.686 0.405 1 0.000 5.397 
Source. Public University Database, 2009; Author's calculation 
             * p < .05. 
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Table D23 
                        
                         Binary Logistic Regression for Female Students' Persistence, by Major, 1999–2005 
        
                   
  
     
    PSCSME   ABS   HSP 
 
Non-STEM 
Variable   B SE df Sig. Exp(B)   B SE df Sig. Exp(B)   B SE df Sig. Exp(B)   B SE df Sig. Exp(B) 
Asian 
 
0.403 0.284 1 0.156 1.496 
 
-0.480 0.272 1 0.077 0.619 
 
-0.411 0.279 1 0.141 0.663 
 
0.183 0.209 1 0.381 1.200 
African American 
 
0.373 0.345 1 0.279 1.452 
 
-0.577 0.380 1 0.128 0.561 
 
-0.282 0.277 1 0.308 0.754 
 
0.072 0.190 1 0.705 1.075 
Hispanic 
 
0.386 0.465 1 0.406 1.471 
 
0.072 0.391 1 0.853 1.075 
 
-0.502 0.443 1 0.257 0.605 
 
0.366 0.297 1 0.217 1.442 
In-State Resident 
 
-0.263 0.202 1 0.194 0.769 
 
0.206 0.224 1 0.357 1.229 
 
0.155 0.198 1 0.434 1.168 
 
-0.160 0.141 1 0.256 0.852 
SAT: Math 
 
0.005 0.008 1 0.507 1.005 
 
0.006 0.009 1 0.525 1.006 
 
0.011 0.007 1 0.148 1.011 
 
-0.003 0.006 1 0.626 0.997 
SAT: Verbal 
 
-0.003 0.008 1 0.738 0.997 
 
0.008 0.009 1 0.384 1.008 
 
0.010 0.007 1 0.155 1.010 
 
-0.002 0.006 1 0.737 0.998 
SAT: Total 
 
0.004 0.008 1 0.649 1.004 
 
-0.005 0.009 1 0.586 0.995 
 
-0.009 0.007 1 0.208 0.991 
 
0.001 0.006 1 0.839 1.001 
Institution A 
 
-0.216 0.293 1 0.461 0.806 
 
-0.802 0.258 1 0.002 0.449* 
 
0.014 0.213 1 0.948 1.014 
 
-0.205 0.131 1 0.118 0.815 
Institution B 
 
0.601 0.306 1 0.049 1.825* 
 
-0.232 0.257 1 0.367 0.793 
 
1.827 0.494 1 0.000 6.213* 
 
-0.320 0.152 1 0.036 0.727* 
Institution C 
 
0.292 0.248 1 0.240 1.338 
 
-0.797 0.234 1 0.001 0.451* 
 
0.621 0.209 1 0.003 1.861* 
 
0.255 0.153 1 0.095 1.290 
Institution D 
 
-0.360 0.254 1 0.157 0.698 
 
0.211 0.214 1 0.325 1.235 
 
1.389 0.265 1 0.000 4.011* 
 
0.700 0.172 1 0.000 2.041* 
Constant   0.832 0.248 1 0.001 2.297   0.414 0.222 1 0.062 1.513   -0.315 0.187 1 0.092 0.730   1.986 0.133 1 0.000 7.283 
Source. Public University Database, 2009; Author's calculation 
            * p < .05. 
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Table D24 
                        
                         Binary Logistic Regression for Persistence of Female Students who Filed FAFSA, by Major, 1999–2005 
                                                        
  
PSCSME 
 
ABS 
 
HSP 
 
Non-STEM 
Variable   B SE df Sig. Exp(B)   B SE df Sig. Exp(B)   B SE df Sig. Exp(B)   B SE df Sig. Exp(B) 
Asian 
 
0.404 0.446 1 0.365 1.497 
 
-0.264 0.419 1 0.528 0.768 
 
-0.624 0.447 1 0.162 0.536 
 
0.64 0.365 1 0.079 1.897 
African American 
 
0.702 0.479 1 0.143 2.017 
 
-1.13 0.496 1 0.023 0.323* 
 
-0.035 0.394 1 0.929 0.965 
 
-0.035 0.232 1 0.881 0.966 
Hispanic 
 
1.431 0.708 1 0.043 4.184* 
 
0.573 0.532 1 0.282 1.773 
 
-0.281 0.526 1 0.593 0.755 
 
0.251 0.366 1 0.492 1.286 
In-State Resident 
 
-0.822 0.356 1 0.021 0.440* 
 
-0.46 0.417 1 0.27 0.631 
            Father College 
Educated 
       
-0.316 0.221 1 0.152 0.729 
       
-0.194 0.142 1 0.171 0.824 
Mother College 
Educated 
       
0.233 0.213 1 0.275 1.262 
       
0.221 0.137 1 0.108 1.247 
Both Parents 
College Educated 
 
0.159 0.232 1 0.493 1.172 
       
-0.177 0.213 1 0.405 0.838 
      
$0-$40,000 
 
-0.136 0.398 1 0.732 0.873 
 
-0.624 0.385 1 0.105 0.536 
 
-0.439 0.292 1 0.132 0.644 
 
-0.309 0.2 1 0.123 0.734 
$40,001-$60,000 
 
-0.089 0.325 1 0.783 0.914 
 
-0.218 0.281 1 0.437 0.804 
 
-0.805 0.294 1 0.006 0.447* 
 
-0.388 0.196 1 0.048 0.678* 
$60,001-$80,000 
 
0.284 0.294 1 0.333 1.329 
 
0.162 0.277 1 0.558 1.176 
 
-0.227 0.293 1 0.438 0.797 
 
-0.448 0.184 1 0.015 0.639* 
Parents Married 
       
-0.648 0.277 1 0.019 0.523* 
            SAT: Math 
 
0.019 0.014 1 0.152 1.02 
       
0.005 0.012 1 0.693 1.005 
 
-0.007 0.008 1 0.382 0.993 
SAT: Verbal 
 
0.012 0.014 1 0.384 1.1012 
       
0.003 0.012 1 0.824 1.003 
 
-0.005 0.008 1 0.564 0.995 
SAT: Total 
 
-0.012 0.014 1 0.392 0.989 
       
-0.003 0.012 1 0.802 0.997 
 
0.004 0.008 1 0.602 1.004 
Cumulative GPA 
             
0.788 0.244 1 0.001 2.198* 
 
0.249 0.158 1 0.116 1.283 
Received Pell 
1999-2000 
 
0.015 0.371 1 0.968 1.015 
 
0.36 0.33 1 0.276 1.433 
            
Institution A 
 
-0.43 0.337 1 0.201 0.65 
 
-0.704 0.292 1 0.016 0.495 
 
-1.127 0.302 1 0 0.324* 
 
-0.78 0.214 1 0 0.458* 
Institution B 
 
0.526 0.478 1 0.272 1.692 
 
-1.2 0.477 1 0.012 0.301* 
 
0.354 0.712 1 0.619 1.425 
 
-0.784 0.214 1 0 0.457* 
Institution C 
 
0.467 0.287 1 0.104 1.595 
 
-1.443 0.275 1 0 0.236* 
 
-0.563 0.321 1 0.079 0.569 
 
-0.322 0.249 1 0.195 0.725 
Constant   0.874 0.461 1 0.58 2.397   1.997 0.608 1 0.001 7.366   -1.106 0.869 1 0.203 0.331   1.854 0.568 1 0.001 6.383 
Source. Public University Database, 2009; Author's calculation 
           * p < .05. 
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Table D25 
        
           Time-to-Degree by Gender, 1999–2005 
                         
 
  
Male 
 
Female 
 
All Students 
 
Time-to-Degree   N %   N %   N % 
 
4 years 
 
4,261 49.7% 
 
5,331 64.4% 
 
9,592 56.9% 
 
5 years 
 
7,788 90.9% 
 
7,822 94.4% 
 
15,610 92.6% 
 
6 years   8,567 100.0%   8,283 100.0%   16,850 100.0% 
 Source. Public University Database, 2009; Author's calculations 
 
 
 
 
 
Table D26 
                 
                  Time-to-Degree by Gender and Last Major, 1999–2005 
                                              
   
PSCSME 
 
ABS 
 
HSP 
 
Non-STEM 
Time-to-Degree 
Descriptive 
Statistics   Male Female Total   Male Female Total   Male Female Total   Male Female Total 
4 years N 
 
1,378 395 1,773 
 
344 597 941 
 
203 853 1,056 
 
2,336 3,486 5,822 
 
% 
 
46.4% 52.9% 47.7% 
 
54.5% 66.4% 61.5% 
 
59.4% 70.0% 67.6% 
 
50.5% 64.3% 58.0% 
5 years N 
 
2,706 706 3,412 
 
576 848 1,424 
 
313 1,165 1,478 
 
4,193 5,103 9,296 
 
% 
 
91.0% 94.5% 91.7% 
 
91.3% 94.3% 93.1% 
 
91.5% 95.6% 94.7% 
 
90.7% 94.2% 92.6% 
6 years N 
 
2,972 747 3,719 
 
631 899 1,530 
 
342 1,219 1,561 
 
4,622 5,418 10,040 
  %   100.0% 100.0% 100.0%   100.0% 100.0% 100.0%   100.0% 100.0% 100.0%   100.0% 100.0% 100.0% 
Source. Public University Database, 2009; Author's calculations 
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Table D27 
                 
                  Time-to-Degree for Students who Persisted in Major, by Initial Major and Gender, 1999–2005 
                                        
   
PSCSME 
 
ABS 
 
HSP 
 
Non-STEM 
Time-to-Degree 
Descriptive 
Statistics   Male Female Total   Male Female Total   Male Female Total   Male Female Total 
4 years N 
 
1,282 319 1,601 
 
253 459 712 
 
64 430 494 
 
1,905 2,991 4,896 
 
% 
 
47.6% 52.2% 48.4% 
 
68.8% 74.8% 72.5% 
 
63.4% 74.0% 72.4% 
 
54.4% 66.1% 61.0% 
5 years N 
 
2,477 576 3,053 
 
353 592 945 
 
94 560 654 
 
3,230 4,274 7,504 
 
% 
 
91.9% 94.3% 92.3% 
 
95.9% 96.4% 96.2% 
 
93.1% 96.4% 95.9% 
 
92.2% 94.5% 93.5% 
6 years N 
 
2,695 611 3,306 
 
368 614 982 
 
101 581 682 
 
3,505 4,524 8,029 
  %   100.0% 100.0% 100.0%   100.0% 100.0% 100.0%   100.0% 100.0% 100.0%   100.0% 100.0% 100.0% 
Source. Public University Database, 2009; Author's calculations 
          
 
 
Table D28 
         
           Time-to-Degree for Women who Persisted in PSCSME, by Racial and Ethnic Group, 1999–2005 
      
        
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown All Students       
4 years N 179 23 22 1,358 19 1,601 
   
 
% 64.2% 34.3% 37.9% 47.6% 38.0% 48.4% 
   5 years N 264 58 54 2,633 44 3,053 
   
 
% 94.6% 86.6% 93.1% 92.3% 88.0% 92.3% 
   6 years N 279 67 58 2,852 50 3,306 
     % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
   Source. Public University Database, 2009; Author's calculations 
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Table D29 
        
          Time-to-Degree for Women who Persisted in ABS, by Racial and Ethnic Group, 1999–2005 
      
       
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown All Students 
  
4 years N 42 10 13 640 7 712 
  
 
% 70.0% 62.5% 50.0% 73.5% 77.8% 72.5% 
  5 years N 57 16 25 839 8 945 
  
 
% 95.0% 100.0% 96.2% 96.3% 88.9% 96.2% 
  6 years N 60 16 26 871 9 982 
    % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  Source. Public University Database, Author's calculations 
     
 
Table D30 
        
          Time-to-Degree for Women who Persisted in HSP, by Racial and Ethnic Group, 1999–2005 
      
       
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown All Students 
  
4 years N 21 20 9 439 5 494 
  
 
% 43.8% 58.8% 75.0% 75.4% 83.3% 72.4% 
  
5 years N 45 33 12 558 6 654 
  
 
% 93.8% 97.1% 100.0% 95.9% 100.0% 95.9% 
  
6 years N 48 34 12 582 6 682 
  
  % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  Source. Public University Database, Author's calculations 
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Table D31 
         
           Time-to-Degree for Women who Persisted in Non-STEM, by Racial and Ethnic Group, 1999–2005 
      
        
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown All Students 
   
4 years N 214 189 120 4,300 73 4,896 
   
 
% 59.1% 46.0% 52.6% 62.4% 55.3% 61.0% 
   5 years N 347 368 211 6,456 122 7,504 
   
 
% 95.9% 89.5% 92.5% 93.6% 92.4% 93.5% 
   6 years N 362 411 228 6,896 132 8,029 
     % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
   Source. Public University Database, Author's calculations 
     
 
 
 
Table D32 
                
                  Time-to-Degree for Students who Switched Majors, by Initial Major and Gender, 1999–2005 
                                       
 
   
PSCSME 
 
ABS 
 
HSP 
 
Non-STEM 
Time-to-Degree 
Descriptive 
Statistics   Male Female Total   Male Female Total   Male Female Total   Male Female Total 
4 years N 
 
327 203 530 
 
167 289 456 
 
81 235 316 
 
182 405 587 
 
% 
 
36.9% 59.2% 43.1% 
 
47.6% 63.7% 56.6% 
 
39.3% 48.4% 45.7% 
 
40.1% 60.4% 52.2% 
5 years N 
 
751 322 1,073 
 
317 429 746 
 
176 443 619 
 
390 626 1,016 
 
% 
 
84.7% 93.9% 87.2% 
 
90.3% 94.5% 92.7% 
 
85.4% 91.2% 89.5% 
 
85.9% 93.4% 90.4% 
6 years N 
 
887 343 1,230 
 
351 454 805 
 
206 486 692 
 
454 670 1,124 
  %   100.0% 100.0% 100.0%   100.0% 100.0% 100.0%   100.0% 100.0% 100.0%   100.0% 100.0% 100.0% 
Source. Public University Database, 2009; Author's calculations 
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Table D33 
        
          Time-to-Degree for Women who Switched From PSCSME, by Racial and Ethnic Group, 1999–2005 
      
       
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown Total 
  4 years N 40 19 10 451 10 530 
  
 
% 50.6% 43.2% 34.5% 42.7% 43.5% 43.1% 
  5 years N 73 35 25 918 22 1,073 
  
 
% 92.4% 79.5% 86.2% 87.0% 95.7% 87.2% 
  6 years N 79 44 29 1,055 23 1,230 
    % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  Source. Public University Database, 2009; Author's calculations 
   
 
 
 
Table D34 
        
          Time-to-Degree for Women who Switched From ABS, by Racial and Ethnic Group, 1999–2005 
                
  
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown Total 
  4 years N 34 13 15 387 7 456 
  
 
% 58.6% 44.8% 71.4% 56.6% 53.8% 56.6% 
  5 years N 50 28 21 634 13 746 
  
 
% 86.2% 96.6% 100.0% 92.7% 100.0% 92.7% 
  6 years N 58 29 21 684 13 805 
    % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  Source. Public University Database, 2009; Author's calculations 
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Table D35 
        
          Time-to-Degree for Women who Switched From HSP, by Racial and Ethnic Group, 1999–2005 
                
  
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown Total 
  4 years N 25 14 8 265 4 316 
  
 
% 43.9% 27.5% 53.3% 47.7% 30.8% 45.7% 
  5 years N 50 43 13 502 11 619 
  
 
% 87.7% 84.3% 86.7% 90.3% 84.6% 89.5% 
  6 years N 57 51 15 556 13 692 
    % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  Source. Public University Database, 2009; Author's calculations 
    
 
 
Table D36 
         
 
          
 
Time-to-Degree for Women who Switched From Non-STEM, by Racial and Ethnic Group, 1999–2005 
                
  
 
Time-to-Degree 
Descriptive 
Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown Total 
  
 
4 years N 30 22 8 522 5 587 
  
 
 
% 52.6% 52.4% 38.1% 52.7% 38.5% 52.2% 
  
 
5 years N 49 33 17 904 13 1,016 
  
 
 
% 86.0% 78.6% 81.0% 91.2% 100.0% 90.4% 
  
 
6 years N 57 42 21 991 13 1,124 
  
 
  % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  
 
Source. Public University Database, 2009; Author's calculations 
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Appendix E 
Students’ Demographic Information by Institution 
Although the data from the five institutions were aggregated for the purpose of this study and to 
obtain sufficient cell sizes, Table E1 provides additional information on the demographics of 
students who attended each institution.  
 
Table E1 
      
        Gender and Race/Ethnicity by Institution 
                   
Gender Descriptive Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown All Students 
  
Institution A 
Male Count 97 82 37 1,513 19 1,748 
 
% Within Gender 5.5% 4.7% 2.1% 86.6% 1.1% 100.0% 
 
% Within Race/ethnicity 54.5% 30.7% 46.3% 50.5% 43.2% 49.0% 
 
% of Total 2.7% 2.3% 1.0% 42.4% .5% 49.0% 
Female Count 81 185 43 1,484 25 1,818 
 
% Within Gender 4.5% 10.2% 2.4% 81.6% 1.4% 100.0% 
 
% Within Race/ethnicity 45.5% 69.3% 53.8% 49.5% 56.8% 51.0% 
 
% of Total 2.3% 5.2% 1.2% 41.6% .7% 51.0% 
Total Count 178 267 80 2,997 44 3,566 
 
% Within Gender 5.0% 7.5% 2.2% 84.0% 1.2% 100.0% 
 
% Within Race/ethnicity 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 
% of Total 5.0% 7.5% 2.2% 84.0% 1.2% 100.0% 
   Institution B 
Male Count 74 49 44 1,464 2 1,633 
 
% Within Gender 4.5% 3.0% 2.7% 89.7% .1% 100.0% 
 
% Within Race/ethnicity 49.3% 36.6% 39.3% 48.9% 40.0% 48.1% 
 
% of Total 2.2% 1.4% 1.3% 43.1% .1% 48.1% 
Female Count 76 85 68 1,530 3 1,762 
 
% Within Gender 4.3% 4.8% 3.9% 86.8% .2% 100.0% 
 
% Within Race/ethnicity 50.7% 63.4% 60.7% 51.1% 60.0% 51.9% 
 
% of Total 2.2% 2.5% 2.0% 45.1% .1% 51.9% 
Total Count 150 134 112 2,994 5 3,395 
 
% Within Gender 4.4% 3.9% 3.3% 88.2% .1% 100.0% 
 
% Within Race/ethnicity 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  % of Total 4.4% 3.9% 3.3% 88.2% .1% 100.0% 
 
 
      
 
 
     (continued) 
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Table E1 (continued)       
          
Gender Descriptive Statistics Asian 
African 
American Hispanic White 
Native 
American, 
Other, and 
Unknown All Students 
   Institution C 
Male Count 64 39 31 1,907 51 2,092 
 
% Within Gender 3.1% 1.9% 1.5% 91.2% 2.4% 100.0% 
 
% Within Race/ethnicity 61.0% 38.6% 53.4% 56.2% 60.0% 55.9% 
 
% of Total 1.7% 1.0% .8% 50.9% 1.4% 55.9% 
Female Count 41 62 27 1,489 34 1,653 
 
% Within Gender 2.5% 3.8% 1.6% 90.1% 2.1% 100.0% 
 
% Within Race/ethnicity 39.0% 61.4% 46.6% 43.8% 40.0% 44.1% 
 
% of Total 1.1% 1.7% .7% 39.8% .9% 44.1% 
Total Count 105 101 58 3,396 85 3,745 
 
% Within Gender 2.8% 2.7% 1.5% 90.7% 2.3% 100.0% 
 
% Within Race/ethnicity 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  % of Total 2.8% 2.7% 1.5% 90.7% 2.3% 100.0% 
 
 Institution D 
Male Count 231 46 65 1,478 37 1,857 
 
% Within Gender 12.4% 2.5% 3.5% 79.6% 2.0% 100.0% 
 
% Within Race/ethnicity 60.2% 36.8% 52.4% 53.5% 66.1% 53.8% 
 
% of Total 6.7% 1.3% 1.9% 42.8% 1.1% 53.8% 
Female Count 153 79 59 1,286 19 1,596 
 
% Within Gender 9.6% 4.9% 3.7% 80.6% 1.2% 100.0% 
 
% Within Race/ethnicity 39.8% 63.2% 47.6% 46.5% 33.9% 46.2% 
 
% of Total 4.4% 2.3% 1.7% 37.2% .6% 46.2% 
Total Count 384 125 124 2,764 56 3,453 
 
% Within Gender 11.1% 3.6% 3.6% 80.0% 1.6% 100.0% 
 
% Within Race/ethnicity 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  % of Total 11.1% 3.6% 3.6% 80.0% 1.6% 100.0% 
   Institution E 
Male Count 73 17 10 1,115 22 1,237 
 
% Within Gender 5.9% 1.4% .8% 90.1% 1.8% 100.0% 
 
% Within Race/ethnicity 39.9% 25.4% 27.8% 47.7% 31.9% 46.0% 
 
% of Total 2.7% .6% .4% 41.4% .8% 46.0% 
Female Count 110 50 26 1,221 47 1,454 
 
% Within Gender 7.6% 3.4% 1.8% 84.0% 3.2% 100.0% 
 
% Within Race/ethnicity 60.1% 74.6% 72.2% 52.3% 68.1% 54.0% 
 
% of Total 4.1% 1.9% 1.0% 45.4% 1.7% 54.0% 
Total Count 183 67 36 2,336 69 2,691 
 
% Within Gender 6.8% 2.5% 1.3% 86.8% 2.6% 100.0% 
 
% Within Race/ethnicity 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
  % of Total 6.8% 2.5% 1.3% 86.8% 2.6% 100.0% 
Source. Public University Database, 2009; Author's calculations 
 
